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The 35-Ton Weldment above is the Center Section of a three-section 
Bed for a large Underdrive Press. This piece, and the units illustrated 
at the left, are typical of thousands of Steel-Weld Fabricated parts 
and assemblies produced by Mahon for manufacturers of processing 
machinery, machine tools, and other types of heavy mechanico 
equipment. It is possible that you, too, could benefit by the econo- 
mies and other advantages offered by welded steel components 
in your product. In any type of heavy machinery there are parts 
and sub-assemblies that can be produced more economically and 
more satisfactorily in welded steel, because, in weldments you 
get greater strength with less weight, plus the additional advan- 
tages of greater rigidity and predictability. Before you place on 
order for weldments, you will want to discuss your requirements 
with Mahon . . . because here is a unique source for welded steel 
in any form ...a reliable and responsible source with complete 
facilities for design engineering, fabricating, machining and assem 
bling . . . a source where advanced fabricating techniques are su? 
plemented by craftsmanship which assures you a finer appearing 
product embodying every advantage of Steel-Weld Fabrication. 
See Sweet's Product Design File for information, or, better stil! 
have a Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY © Detroit 34, Michigan 


Sales-Engineering Offices in Detroit, New York and Chicago 


Engineers and Fabricators of Steel in Any Form for Any Purpose 
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New blower...its cast Inconel hub 
takes stresses of 3500 RPM 


spin 


It spins at 3500 RPM in a fiery, cor- 
rosive-gas-laden environment. 

That’s why this new blower, made 
by Buffalo Forge Company for a 
major chemical producer, is made 
of Inconel* nickel-chromium alloy 
parts. 

Inconel alloy provides a high com- 
bination of strength and corrosion 
resistance at high temperatures. 


Inco foundry casts critical hub 


Buffalo Forge took no chances with 


the most critical part in the blower. 
To be sure that exacting specifica- 
tions were met, they had the makers 
of Inconel alloy make the hub cast- 
ing. As long-term customers of Inco’s 
Bayonne, N. J. foundry, they knew 
they could depend on Inco to pro- 
duce a sound, uniformly strong cast- 
ing; one that would bring out the 
best that was in the alloy. 


Take a tip from Buffalo forge... 


When you design for extreme condi- 


in hot corrosives 


tions, consider the properties of 
Inconel alloy. And, if the part is to 
be cast, call on Inco to cast it. 

A 9-page Inco technical bulletin, 
“Engineering Properties of Cast 
Inconel Alloys”, gives the data you 
need ...compositions, physical prop- 
erties, machining procedures, and 
much more. We'll be more than glad 


to send you a copy. “Registered trademark 


The International Nickel Company, !n¢. 
67 Wall Street 4». New York 5, N.Y. 
INCO, 


INCO-CAST PRODUCTS 


For more information, turn to Reader Service card, circle No. 446 
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BLACK COLORED STAINLESS STEEL SHAPES, such as toys, signs, sporting 
goods, metal furniture and appliances, can be formed after 
coloring without impairing the surface, according to the producer. 
The color is put on by a new process that chemically bonds colored 
pigments to a treated stainless steel surface. The process also 
shows promise for the coloring of aluminum, plain carbon steels 
and other metals, and will ultimately be available in a range of 
colors. (More details next month. ) 


RUBBER PARTS WITH IMPROVED HEAT RESISTANCE may be realized by using a 
newly developed halogen-containing, isobutylene-base polymer. 
According to the producer, a cured sample of the rubber withstands 
400 F for 40 hr in an air circulating oven, compared to only 2 hr 
for cured samples of natural and styrene-butadiene rubbers. Other | 
features: good ozone resistance, fast curing, and good 
compatibility with natural and synthetic rubbers. Potential 
°) uses include mechanical goods, conveyor belts and steam hose, as 
well as truck and passenger tires. 


VERY STRONG JOINTS BETWEEN DISSIMILAR METALS are said to be produced by 
a new nickel-cobalt=-base welding wire that permits automatic and 
manual inert-gas welding of more than 95% of all dissimilar metal 
combinations. Weld deposits are said to have good impact and 
of corrosion resistance and good resistance to temperatures as low 
to as -310 F. (More details next month. ) 


tin, 


A POLYETHYLENE-CARBON BLACK COMPOUND shows promise as an effective 
insulating and jacketing material for wires, cables, pipes and 
tubes. The producer says the material can be compression and 


ast 


Op- 


al transfer molded into a variety of shapes. The plastics compound, 

lad formed as a result of chemical crosslinking between polyethylene 

i and a carbon black, is said to have good resistance to heat, low 
temperatures, solvents and weather. 

Inc. : 5 

es ELECTRODEPOSITION OF TEFLON ON A VARIETY OF MATERIALS can now be done 


by using an aqueous colloidal dispersion of the material. The 
method is. especially useful for parts that cannot be coated by 
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conventional TFE coating techniques. According to the producer, 
the electrodeposited coating is nonporous, exhibits no pinholes, 
and is uniformly deposited around corners and exposed ends of 
parts. (More details next month. ) 


ECONOMIES IN COPPER SHEET PRODUCTION may be possible by using a now 


technique which continuously casts tough pitch copper in "cakes" 
measuring 25 ft long by 36 in. wide by 15 in. thick; conventional 
copper cakes are usually 36 to 92 in. long, 25 to 36 in. wide and 
4% tov7in. thick. According to the producer, the longer lengths 
will permit rolling mills to roll more copper per hour with a 
consequent gain in plant efficiency and a reduction in operating 
costs. 


A POWDERED EPOXY RESIN FOR FLUIDIZED COATING is now available in limited 


quantities. According to the producer, metal, ceramic and glass 
parts can be coated by first heating the parts, then dipping them 
into the suspended epoxy powder which melts and clings to the parts. 
The fused epoxy coating is said to have good dielectric strength 
(more than 500 v per mil), high heat distortion point, low 
moisture absorption and good impact strength. (More details 

next month. ) 


"EXPLORER’ USES A FLAME SPRAYED CERAMIC COATING to protect its 


payload of instruments from severe temperature extremes. The 
coating, an aluminum oxide ceramic, was sprayed on in stripes along 
the outside of the instrument vehicle from the nose cone down to 

the fourth stage rocket motor section. The 1/4-in. wide stripes 
are said to keep temperatures inside the American satellite 
between 50 and 86 F even though temperatures on the outside vary 
from —150 to 600 F every hour of its travel in space. 


A CORK-RUBBER GASKET MATERIAL WITH GOOD SEALING PROPERTIES has been 


developed for applications where neither cork composition nor 
cork and rubber have been completely satisfactory. The material, 
made with a new “continuous phase" elastomeric binder that 
surrounds and embeds the cork particles, is said to seal liquids 
and gases at flange pressures as low as 100 psi and as high as 4000 
psi. The producer says the material has greater resistance to 
fluids than most resilient gasket materials because the binder 
closely approaches cork in chemical inertness. 


Turn to page 141 for more “What’s New in Materials” 
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MULTI-PART PERFORMANCE 
AT ONE-PART COST... 





BRIEFS 








Dog Boots | 

Black and red _ boots, slush | 
molded from two vinyl resins, are 
now available in four different 
sizes to fit the paws of all dogs 
from toy manchesters to boxers. 
The vinyl boots are said to protect 
dog’s paws from ice, snow, rocks, 
mud, burrs and thorns. 


Labels for Babies 

Metal clamps may eventually | 
replace plastics beads and other | BRASS POWDER METALLURGY 
devices in identifying newborn | 
babies. The metal clamp is at- | 
tached to the baby’s umbilical cord _| 
at the instant of delivery with a | 
pair of pliers which stamp the | 
initials of the doctor and the | 
mother on the clamp. Each one of these metal powder parts is made at sub- 
stantially lower unit costs than would have been possible 
by ordinary machining or as a multi-piece assembly. 


eee an outstanding advantage of 


These complicated shapes are made as one-piece metal 
powder sinterings. They are manufactured to very close 
tolerances and designed to function with a high degree 
of precision. 





Aluminum Bookbindings 


Black and_ silver aluminum | By designing for brass powder metallurgy, there are 
fabrics make up the covers for a other advantages: 
new 30-volume set of history . . . elimination of secondary machining 
books. The metallic bookbindings | . . . high durability of parts in use 
a be to be durable and good- | . » » mass production with uniformly high quality 
ooking. 


. controlled mechanical properties 


. . . parts promptly available. 
Built-In Flavor 


Scotch flavored wood, taken 
from the staves of casks in which 
Scotch whiskey has aged for 
many years, is used in the con- 
struction of small sherry decan- 
ters and barrel-shaped mugs. The 
mugs are bound with copper 
hoops. 


It will pay you to consult a powder metal fabricator 
for his advice on how to incorporate these advantages 
in your products. 


THIS BOOKLET 


will assist you in evaluating 
this modern production method 
in terms of your particular 
needs. 


q SEND FOR YouR COPY 


Warmer Trips for Toes 
A combustion-type heating unit 
made entirely of stainless steel 
has been developed to supply in- 
stant heat to the interiors of cars 
operating in cold weather. The 
unit heats the engine coolant to 
160 F, then transports it to the 
car’s regular heater. 
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Mallory L000 Metal 


for effective 
Gamma 
radiation shielding 


Mallory 1000 “‘slab’’ for 
radiation shielding avail- 
able in sizes up to 6” x15”. 


Mallory 1000 Metal is ideal for radiation 
shielding applications. It has high density, 
good mechanical strength, and excellent 
machinability ...is available in a wide 
variety of shapes and sizes for many ap- 
plications in this field. 


Mallory 1000 Metal is already being used 
in numerous applications such as shield- 
ing isotope shipping containers, cobalt 
teletherapy machines, and oil well log- 
ging equipment. 


MALLORY 
1000 
META 





§ 


Mallory 1000 Metal effectively absorbs 
Gamma radiation ...low intensity neu- 
tron bombardment causes only moder- 
ate activity. 


If you have radiation shielding problems, 

A it may pay you to investigate Mallory 

0. O28 or es ’ é ¢ ¢ 800 1000. Write for your copy of Technical 
E (Mev) Bulletin 6-7C. 


Gamma absorption characteristics. 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals © Welding Materials 


Expect more...get more from 


In Canada, made and sold by Johnson Matthey & Mallory, Lid. 
110 Industry Street, Toronto 15, Ontario 


R MALLORY Were) 


gts 


Serving Industry with These Products: 


P. R MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 





For more information, turn to Reader Service card, circle No. 397 


* MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 








New 

and interesting 
applications 

of engineering 
materials 


19 aluminum and zinc die castings 
reduce weight, cost of lawn mower 


Use of 19 aluminum and zinc die castings has 
resulted in substantial improvements in the design 
of a new 21-in. self-propelled lawn mower (see top 
photo). According to the American Die Casting 
Institute, any other method of production would have 
necessitated a greater number of parts and hence 
“ . . comparable quality could not be achieved at 
comparable cost.” 

Aluminum was selected for the larger castings in 
order to keep weight to a minimum; zinc was se- 
lected for the smaller castings because itis a rela- 
tively inexpensive metal and because it can be cast 
to extremely close dimensional tolerances. In spite 
of the many studs, bosses, holes, recesses, and gear 
and ratchet teeth (see bottom photo), secondary 
operations are mostly limited to simple broaching, 
drilling and tapping. 
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. » « placed in die and molded into . 





Patterns of resin-impregnated glass cloth are cut, dried and. . 


Molded reinforced plastic solves design problem 


In fabricating nose control trim- ee 
mers for the Regulus II guided mis- ‘ 
sile, Chance Vought Aircraft faced SP 
a difficult materials selection prob- 0} 
lem: the 2-ft movable surfaces had in tl 
to be 1) strong enough to withstand lite 
the stresses created at supersonic seco 
speeds, 2) tapered in three direc- Jupi 
tions, and 3) made of a material first 
that would not affect radio trans- Rey 
mission used to control the missile was 
in flight. Glass cloth-reinforced poly- spin 
ester was found to satisfy all re- pan: 
quirements. However, parts ma- T 
chined from it were unusable be- spec 
cause exposed edges of the cloth stag 
split into layers at supersonic speeds. secc 
Therefore, Chance Vought decided buc! 
to mold the part. Wh 

To provide the proper taper, 150 be | 
layers of impregnated glass cloth it 
were cut into 50 different patterns whi 


and laid up in the die—the thickest 
section containing the full 150 
layers, the edges only six (see 
photo). The largest patterns were 
laid out at the bottom, with the 
smaller ones tapering toward the 
thick edge for a total of 75 layers. 
Then the process was repeated in 
reverse, ending up with the largest 
on top. The part was then molded 
in a 150-ton press at 320 F. 





» « » nose trimmers (circled) for guided missiles. 
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U. S. earth satellite got help from... . 
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An aluminum oxide coating sprayed on in stripes along the outside of the 
instrument carrying section (from nose cone to fourth stage rocket motor; 
see photo above) is performing the essential task of controlling temperatures 
inside the “Explorer” earth satellite. 

As explained by Norton Co., producers of the ceramic coating material, 
when the satellite is on the dark side of the earth, it radiates heat; when on 
the sun side of the earth, it absorbs heat. The temperature differential would 
normally amount to approximately 750°F—from —150 F on the cold side to 
almost 600 F on the hot side. These wide fluctuations in temperature would 
create enormous thermal stresses and strains. 

To prevent such great stresses, 25% of the forward shell of the satellite 
is covered with eight %4-in. wide, equally spaced stripes of aluminum oxide. 
By allowing only selected areas of the satellite’s surface to absorb and radi- 
ate heat, the stripes maintain the temperature range inside the satellite 
between 50 and 86 F at all times. 


.. « Ceramic stripes 


L .. » Aluminum 


; ‘spin-launcher’ 

- One of the problems encountered 
d in the attempt to get a U. S. satel- 
d lite into orbit was how to keep the 
c second and third stages of the Army’s 


Jupiter C missile on course after the 
| first stage dropped off. According to 
- Reynolds Metals Co., this problem 
e was solved by using the aluminum 
| spin-launcher shown in the accom- 

panying photo. 

° The spin-launcher is actually a 
- special nose section for the first 
h stage of the missile: it holds the 
. second and third stages in the 
d bucket-like container at the top. 

When the second stage is ready to 
0 be launched, the spin-launcher gives 
h it a rotating, or spinning, motion 
which keeps it on course. 

































































































































































































































































































































O-ring seals. This 28-hp motor operates at 6000 rpm Coated fabrics. Viton can be easily spread or calen- 
at a@ pressure of 2000 psi. Five Viton o-rings are used to dered onto fabric, and this bladder-type fuel cell for air- 
yesist the heat and solvents within. 





craft represents only one of many possible applications, 
The fuel cells are expected to operate satisfactorily at 
temperatures ranging from 450 to 500 F. 


Viton fluoro-elastomer for 
high temperature uses 


A little less than a year ago (see MATERIALS 
IN DESIGN ENGINEERING, July ’57, p 90) this 
magazine published an article on a new family 
of rubber materials (fluoro-elastomers) being 
developed to meet the more critical heat and 
corrosion resistance requirements dictated by 
today’s high speed aircraft and missiles. Two 
of those materials, Kel-F and Silastic LS-3, 
have been commercially available for some 
time. A third, Du Pont’s Viton, has under- 
gone considerable testing and is now available 
for applications requiring good performance at ” 

(continued on p 182) We 
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Seals for gaskets. This aluminum gasket is designed 
for 200 psi service with JP4 and JP5 (jet fuels) at oper- 
ating temperatures ranging from -—60 to 350 F. Viton, 
slightly thicker than the aluminum plate, insures a tight 
seal. 


W 
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‘‘A Superior Product, 
Supported by Expert Technical Service’”’ 


Why the American Hydroplane Corporation Chooses 
RCI EPOTUF Epoxy Resins 





“We listed the properties we wanted in epoxy mate- 
rials, and RCI came up with a resin to fit our needs.” 
Speaking is Robert Hobbs, president of the American 
Hydroplane Corporation, Coral Gables, Florida, an 
engineering firm specializing in the design and con- 
struction of custom and prototype boats. 


An unusual case? Not at all. It merely demonstrates 
the kind of helpful cooperation that you, too, can 
expect from RCI...plus a resin that suits your require- 
ments to perfection. 


As Mr. Hobbs put it: “The durability and depend- 
ability of RCI Epotur Epoxy Resins are very essential 
requirements in our production, of course. But another 
important reason why we use Reichhold resins almost 
exclusively (both epoxy and polyester) is the constant 


technical service provided by the Reichhold organiza- 
tion,” 


Perhaps the several advantages of EPoTUF Epoxy 
Resins—their toughness, superior bonding, non-running 


For more information, turn to Reader Service card, circle No. 451 


after application —can help on one or more of your 
applications. Add to this two further “plusses’”—expert 
technical assistance and fast delivery anywhere in the 
country — and you have ample reason for doing busi- 
ness with RCI. 


ecclissi dla, 
REICHHOLD 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol 
Hydrochloric Acid « Formaldehyde « Glycerine « Phthalic Anhydride 
Maleic Anhydride « Sebacic Acid * Ortho-Phenylphenol « Sodium Sulfite 
Pentaerythritol « Pentachlorophenol « Sodium Pentachlorophenol 
Sulfuric Acid « Methanol 


REICHHOLD CHEMICALS, INC., 
RCI BUILDING, WHITE PLAINS, N.Y. 


Creative Chemistry... Your Partner in Progress 
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the finest 
in 


Vinyl Plastisols 
















@ WE SPECIALIZE... 
and in the areas where we 


specialize -WE’RE TOPS 



























@® DIP — — SPRAY 


If you’re interested in coating your 
product with the outstanding plastisol 
in the industry . . . let our sales engi- 
neers work with you. 


Our new laboratory building, 
under construction 


MICHIGAN CHROME 
and CHEMICAL CO. 


8615 GRINNELL AVE., DETROIT 13, MICHIGAN 
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Glass-reinforced epoxy springs 


To the Editor: 

I read with interest your article, “Glass-Rein- 
forced Epoxy Springs,” Feb ’58, p 12. It states that 
the reason steel was not used was because its modu- 
lus of elasticity is too low. 

Reinhart and Newman, of the National Bureay 
of Standards, report development of a glass-rein- 
forced epoxy rod which has a torsion modulus of 16 
psi. The torsion modulus for steel is about 12 x 10 
psi. Although the article refers to bending modulus, 
instead of torsion modulus, the same ratio between 
steel and plastic should hold. What is the bending 
modulus of elasticity for this epoxy-glass material? 


ALBERT F. SEELIG, Jr. 
St. Louis, Mo. 


The statement referred to should have read: “. . . 
steel was found to be impractical because the ratio of 
tensile strength to modulus of elasticity is too low.” 
The modulus of the material is 5 x 10° psi. 


Dielectric pipe unions 


To the Editor: 

Referring to a letter from C. W. Mason, Dec ’57, 
p 14, I would like to state that I have obtained dielec- 
tric unions suitable for connecting galvanized iron 
hot water tanks to a copper hot water distribution 
system, and to a galvanized iron incoming line hav- 
ing a bronze shut-off valve and a copper “fill” pipe, 
from Epco Sales, Inc., 3204 Sackett Ave., Cleveland 9. 

The incoming arrangement requires two unions, 
which is somewhat expensive. I have been informed 
that it is necessary to install a galvanized to galvan- 
ized dielectric union in the gas line as well. 


W. E. McKIBBEN 
Euclid, Ohio 


Cast aluminum alloy properties 


To the Editor: 

We are very much interested in Manual 146, 
“Aluminum Alloy Castings,” which appeared in the 
February issue. We have been working on a prob- 
lem concerning aluminum alloy die castings and 
would like to know more about the sources of your 
data. 

Refer to the values listed for electrical conduc- 
tivity of alloys SC84A and SG100A in Table 2. In 
the case of Alloy SG100A you indicate that its elec- 
trical conductivity is 30% IACS. This is in agree- 
ment with the figure listed in the 1950 edition of the 
Aluminum Co. publication Alcoa Aluminum and Its 
Alloys. The 1947 edition of this publication, how- 
ever, lists its conductivity as 87% IACS. We have 
recently purchased a trial quantity of A360, and 
have made numerous determinations of conductivity 
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a B&W Extrusion because it cuts machining time 


and eliminates waste of costly material,’ 


Machining is expensive and wastes material. It is 
doubly so when it is not necessary. Design engineers 
should investigate the possibility of using an extruded 
section as starting material, particularly if expensive 
or difficult to machine materials such as alloy or stain- 
less steels are involved. In many cases, by using a 
B&W Extrusion, parts production can be reduced to 
a mere cutting to length and a few simple finishing 
operations. 

To find out more about how B&W Extrusions can 
help you design a better product at a lower cost call 


on any of the local sales offices of B&W’s Tubular 
Products Division or write for a copy of Bulletin TB 


413, The Babcock & Wilcox Company, Tubular Prod- 
ucts Division, Beaver Falls, Pennsylvania. 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges —in carbon, alloy and stainless steels and special metals. 


We can reduce final parts cost through the use of 


For more information, turn to Reader Service card, circle No. 369 
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For 
your zinc 
or 

aluminum as5. 


Mei d 


Small Engine Cylinders 


DIE CASTINGS 
CHOOSE ADVANCE 


because... 














above and beyond the meas- 
urable factors of metallur- 
gical control and mechani- 
cal equipment (Which others geo — 
may also possess to a degree ) 
there are at ADVANCE 
creative engineering, in- 
plant tool making, produc- 
tion skill and management 
attitudes toward customer 
requirements not always en- 
countered in run-of-the-mill 
markets. 


ADVANCE supplies zinc 
and aluminum components 
to fine product makers from 
Texas to Massachusetts as 
well as to its good neighbors 
in the Mid-west. Geograph- 
ical distance is no barrier to 
quality production. 


So... check with AD- 
VANCE for your zinc or 


Motor Housings 














‘ 





aluminum die casting re- bax iad 
quirements. 








These symbols are your 
assurance of highest 
quality control of 


zine and aluminum 
alloys under ADCI 
standards 










ADVANCE 


TOOL AND DIE 
CASTING CO. 
| 37707 Holton § 


Milwaukee 12. Wis 


For more information, turn to Reader Service card, circle No. 437 
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on the surface of the ingot and on the cross section 
of slices removed from the ingot. The results were 
quite consistent, and averaged out at 37% IACS. 

In a similar manner both your table and the 
later Alcoa publication indicate a conductivity of 
25% IACS for SC84A while the older Alcoa booklet 
quotes 27%. In this instance, we have obtained 30 
to 31% on both ingots and die castings. 

All of our conductivity determinations were 
made with a Magnatest conductivity meter. As you 
no doubt know, this instrument is supplied with test 
blocks for calibration, and we have further checked 
it against a Kelvin bridge. We therefore have a 
high degree of confidence in the accuracy of our test 
results. 

We have also found that the electrical conduc- 
tivity of Alloy S5C may vary from 30 to 31% IACS 
to as high as 42% IACS depending on the source of 
supply. In this instance we believe that ingot pur- 
chased from some sources has a much lower level of 
impurities than other ingots although both are 
within the required chemical specifications. This 
should not be a factor in Alloys SC84A and SG100A, 
although it might well be in their counterparts 
SC84B and SG100B where higher impurity levels 
are permissible. 

J. A. CAMERON 
Chief Metallurgist 
Elliott Co. 
Jeannette, Pa. 


The data was supplied by the Aluminum Assn. and 
represents typical values, not maximum values. Im- 
purities have a great effect, and test values on pur- 
chased material will undoubtedly be better than 
typical and will vary with source. 


Electromagnetic shielding material 


To the Editor: 

We have observed that in certain types of elec- 
tronic instrumentation there is electromagnetic in- 
fluence between one element of the circuit and others. 
It was suggested that we use electromagnetic screens 
around each element. I have heard that this prin- 
ciple is applied to the recording heads of some pro- 
fessional magnetic tape recorders; a small inverted 
bucket protects the head from the influence of elec- 
tromagnetic fields to aid in obtaining a clean regis- 
ter. The material used is Mu-Metal. We would like 
to know the supplier’s name. 


J. A. RIEsS 

Celanese Mexicana S.A. 
Plaza Santos Degollado 10 
Mexico 


Mu-Metal is a nickel alloy produced by Telegraph 
Construction and Maintenance Co., Ltd., London, 
England. Mr. Riess’ letter has been forwarded to 
International Nickel Co. for additional information. 
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We need better materials faster 


The accelerated pace at which 
technology is advancing in this 
atomic and space age has cre- 
ated many new demands. Not 
the least of these is the need 
for developing new and better 
materials at a faster rate than 
ever before. 

Past experience has shown 
that materials development pro- 
grams are complex and time 
consuming. If we are to have 
materials to meet our chang- 
ing technological requirements 
when they are needed, the 
Government and private indus- 
try must try to find ways to 
shorten the development period. 
In working out any such pro- 
gram we would do well to bene- 
fit from four important lessons 
of the past. 


What the past tells us 


First, past experience has 
shown that planned materials 
development programs for spe- 
cific products or projects gen- 
erally are not worth the effort 
unless present materials are 
definitely inadequate. In most 
cases, engineers cannot wait 
until an “ideal” material is de- 


veloped; they have to select 
from among the available mate- 
rials those which most closely 
meet their needs. 

Second, we have learned that 
as a general rule it is unwise 
to concentrate too heavily on 
the development of one mate- 
rial at the expense of others. 
Titanium is a case in point. 
On hindsight many authorities 
agree now that we would be 
further ahead if the Govern- 
ment had spent less time and 
money on the titanium pro- 
gram and more during the 
same period on developing other 
materials. 

Third, we have learned that 
a balanced materials research 
effort covering all problem 
areas is necessary. Until re- 
cently, major attention in the 
weapons and aircraft field was 
given to developing better high 
temperature structural mate- 
rials. As a result, progress in 
nonstructural materials for 
high temperature use _ has 
lagged. Some experts indicate 
that the high temperature 
structural materials now avail- 
able will be adequate for about 






the next five years, whereas 
our present coatings, thermal 
insulation materials, skin ma- 
terials and lubricants cannot 
even meet many of the immedi- 
ate service requirements. 


Fourth, we have found that 
perhaps the most time consum- 
ing and difficult phase in mate- 
rials development is what has 
been termed the “learning 
period.” Before a newly de- 
veloped material can be used 
successfully, it is necessary to 
learn how to process and fabri- 
cate it, and how to design with 
it. This has always been a 
long, slow process. In the case 
of titanium, it has resulted in 
vears of delay in getting the 
material into practical use. 


Learn these lessons first 


This last consideration, in 
particular, has not received the 
attention it deserves. But all 
four of these expensive lessons 
should be learned before we 
embark on the speed-up mate- 
rials programs that will be 
necessary to assure future 
technological progress. 
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Dow Chemical Co. 


Car body is dipped into tank of styrene-butadiene primer. 


Supplementing an earlier article (Oct ’57), this 
survey covers the three principal types of 


Water-Thinned Paints 


—lHow They Compare For Metal Products 


TABLE 1—A QUICK CHECK LIST OF COATING PROPERTIES 





Type # 


Major Characteristics 





Styrene-Butadiene 


Lowest cost. Noninflammable. Good adhesion, toughness and hardness. Resistant 
to water, salt spray, minerals and some chemicals. Good hold-out and sanding 
properties. Requires high pigment-to-binder ratio to produce high gloss. White or 
light colored coatings have poor color retention at high temperatures. 





Polyvinyl Acetate 


Slightly higher in cost than styrene-butadiene paints. Noninflammable. Good air 
drying properties and good color retention, adhesion and flexibility after baking. 
Resistant to water, salt spray, lubricating oils, alkalis, acids and many common 
solvents. Comparatively poor heat resistance. 





Acrylic 





Highest cost. Noninflammable. Good hardness, flexibility, adhesion and color 
retention. Resistant to cold and warm water, salt spray, lubricating oils, weather- 
ing and aging. Appliance primers have good spraying characteristics and can be 
wet sanded; however, resistance to soap solutions, detergents and hot water is 
comparatively poor. 
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Formerly Materials & Methods 


by Walter Brenner, 
Consulting Chemical Engineer 


@ Water-thinned latex paints offer 
Many advantages over conven- 
tional organic solvent paints for 
finishing metal products. Because 
they are noninflammable, water. 
thinned paints eliminate the fire 
hazards normally associated with 
finishing operations; this factor 
can be expected to result in lower 
insurance charges and lower oper- 
ating costs. These paints also 
eliminate toxicity hazards and the 
need for solvent recovery systems 
which are costly to install and 
require constant attention. 
Because of these advantages, 
water-thinned latex paints have 
been receiving considerable atten- 
tion for large-scale finishing oper- 
ations, such as automotive and 
appliance applications. Since wet 
sanding with water is prevalent 
in automotive finishing, paints 
that can adhere to damp surfaces 
make it possible to eliminate one 
or more drying operations and 
achieve higher production rates. 
In appliance applications, good 
hardness, durability and color re- 
tention are quite important, and 
water-thinned paints appear to 


satisfy these critical require- 
ments. 
The principal water-thinned 


latex paints for metals (see Table 
1) are based on three different 
types of polymers: styrene-buta- 
diene, polyvinyl acetate, and acry- 
lic esters. At present, the styrene- 
butadiene polymer paints are 
lower in cost than the other two 
polymer systems. 

In addition to cost, such factors 
as quality, durability and ease of 
application are important in se- 
lecting a finishing system for 
metal products. Compared to home 
and building applications, many 
more factors must be considered 
when selecting a coating for 
metals and closer attention must 
be paid to the end properties of 
the coating such as hardness, ad- 
hesion, solvent resistance, etc. 
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TABLE 2—PROPERTIES OF TWO CLEAR 
STYRENE-BUTADIENE PAINTS: 





— 








pplication 
ynditions 
pH 4 8 
Catalyst None 0.07% Co 
Bake....... 275 F, 275 F, 
30 min 30 min 
MECHANICAL 
PROPERTIES 
Knife Adhesion Excellent Excellent 
Flexibility (bent | 
over %-in. 
mandrel)...... Crazed | Crazed 
Impact Resis- 
tance, in.-Ib.... <2 <2 
Pencil Hardness SH 3H 
CHEMICAL | 
PROPERTIES 
Resistance to | 
Mineral Spirits 
Se OK OK 
Water Resistance | 
\ lee OK | OK 
24 Hr... ..1 St whitened OK 
1 Wk.. Whitened, | SI whitened, 
si blistered | sl blistered 
Resistance to 3% 
Sodium 
Hydroxide 
| OK SI brittle 
eae OK SI brittle 
Resistance to 5% 
Acetic Acid 
RE OK Brittle 
24 Hr. “y OK Brittie 








aBasis metal: cold rolled steel. 





Within a period of 10 years 
water-thinned latex paints have 
gained a market of 60,000,000 
gal, or about 10% of paint sales 
in this country. Most latex paint 
is used in homes and buildings 
because of the ease with which 
it can be applied, and because of 
its slight odor, quick drying and 
easy clean-up properties. Water- 
thinned paints have gained close 
to 60% of total flat wall paint 
sales. They also are used in 
over 50% of exterior masonry 
applications. 


Except for a few special ap- 
plications, water-thinned latex 
paints have not been used in in- 
dustrial applications on metal 
surfaces to any great extent. 
Greater use has been held back 
largely because of corrosion 
problems, lack of adhesion, and 
poor gloss, color stability, hard- 
ness and water resistance. 

In the past three years or so, 
however, many of these prob- 
lems have been overcome, and it 
appears that  noninflammable 





Industrial Latex Paints: A Progress Report 


water-thinned industrial latex 
paints are on the verge of wide- 
spread use. The potential for 
these paints is almost unlimited. 
It has been forecast that by 
1961 they could account for 25% 
of all industrial paint sales. 
Even this estimate may prove 
to be quite conservative, espe- 
cially if some of the develop- 
ments which are now under in- 
tensive development are brought 
into production. 

It has been reported, for ex- 
ample, that at least two of the 
big three auto manufacturers 
plan to have cars coated with 
water-thinned primers’ under 
road test evaluation in 1959. It 
has also been reported that a 
target date of 1962 has been set 
by some manufacturers for the 
complete conversion to water- 
thinned paints. The consequences 
of such a conversion and the 
impetus it would provide to 
other applications can be readily 
appreciated. 








Styrene-butadiene paints 


Water-thinned styrene-butadiene 
latex paints have been used for 
many years in architectural ap- 
plications. In the past year or so, 
however, a specially designed latex 
that shows considerable promise 
has been developed for metal prod- 
ucts. (For complete details on this 
coating see ““Water-Thinned Paints 
for Metal Products,” M/DE, Oct 
’B7, p 187.) 

The new latex system consists 
of a colloidal dispersion of resin 
particles in water and is supplied 
at an acid pH of 4.0+0.5. By 
means of heat and catalysis the 
butadiene groups in the polymer 
react to form a_ thermosetting 
coating with good adhesion, tough- 
ness and hardness, and good re- 
sistance to water, mineral spirits 
and some chemicals. 

Typical properties of clear coat- 


ings are shown in Table 2. Despite 
their hardness after baking the 
coatings have good adhesion and 
flexibility. The impact resistance 
of clear coatings is comparatively 
poor; however, the impact resist- 
ance of pigmented automotive 
primers is comparable to that of 
standard alkyds. 
Automotive and appliance 
primers 

Several automotive and appli- 
ance baking primers have been 
developed and are now under test. 
In general, the automotive primers 
are noted for their good spraying 
characteristics and good hold-out, 
adhesion, and sanding properties. 
They also possess good salt spray 
resistance. 

Styrene-butadiene primers are 
usually applied to phosphate 
treated steel. Film thicknesses 


vary from 1.2 to 2.2 mils, depend- 
ing on pigment content. Typical 
bake schedule for an iron oxide 
primer is 30 min at 275 F. 

White appliance primers spray 
easily to a thickness of 1.0-1.2 
mils and can be covered with a 
solvent-type white appliance bak- 
ing enamel topcoat after a short 
bake of 10 min at 140 F. These 
coatings have good adhesion and 
hold-out properties, and have suc- 
cessfully withstood exposure in a 
100% RH, 100 F atmosphere for 
1000 hr. 

Baking enamels 

Both gloss and semigloss baking 
enamels can be formulated with 
the styrene-butadiene latex. At 
this stage of development, proper- 
ties of these coatings are not 
generally as good as those of 
solvent type baking enamels. 

In general, the gloss and semi- 
gloss coatings are quite similar 
except that the semigloss coatings 
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are formulated with a higher pig- 


ment content. Compared to sol- 
vent type enamels, gloss styrene- 
butadiene enamels require a 


Polyvinyl acetate 


Considerable progress has been 
made toward the development of 
suitable water-thinned polyviny! 
acetate paints for metal products. 
To date, these paints have not 
reached the same stage of devel- 
opment as water-thinned styrene- 
butadiene paints and they are 
being used only on a very small 
scale. However, several metal 
primers and gloss paints have 
been developed and are being 
evaluated for large-scale indus- 
trial finishing applications. 

Polyvinyl acetate metal primers 
are permanently thermoplastic 
and will soften when heated. A 
considerable amount of develop- 
ment is being devoted to elimi- 
nating this condition. However, it 
should be noted that no loss in 
color stability is exhibited by 
present formulations after pro- 
longed heating. 

In many applications, thermo- 
plasticity is not a factor and poly- 
vinyl acetate primers show con- 
siderable promise because of their 


Acrylic paints 


In general, the properties of 
water-reduced acrylic coatings are 
quite similar to those of acrylic 
plastics. The coatings have ex- 
cellent color retention and water 
and alkali resistance, and out- 
standing resistance to deteriora- 
tion on aging. They are slightly 
more heat stable than polyvinyl 
acetate coatings. However, they 
cost somewhat more than the sty- 
rene-butadiene and polyvinyl] ace- 
tate coatings. 

Automotive primers 

Most of the industrial acrylic 
formulations developed to date 
have been for automotive and ap- 
pliance applications. A good deal 
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higher binder-to-pigment ratio to 
produce a high gloss. Even with 
pigments having high hiding 
power, the latex does not have 


paints 


low cost, and their good air dry- 
ing and baking properties, excel- 
lent color retention, and excellent 
resistance to solvents, alkalis and 
acids, 

Typical of the experimental 
formulations that have been de- 
veloped are a black gloss metal 
primer, a gray metal primer, and 
a red oxide metal primer. 

Black gloss metal primer—This 
formulation was developed princi- 
pally for automotive chassis. It is 
intended for dip or flow applica- 
tion after a 1:1 reduction with 
water. The coating is distin- 
guished principally for its low 
cost, which is about $0.85 per gal 
(raw materials cost). Best gloss 
and mechanical properties are ob- 
tained after baking for 10 to 15 
min at 350 F. Gloss values of 80 
to 85 units (90 to 95 units is 
typical for a quality enamel) have 
been obtained using a 60 deg 
specular gloss test. Promising re- 
sults have been obtained with the 
coating after 167 hr of salt spray 


of experimental work has been 
devoted to red oxide automotive 
primers. The outlook for suitable 
gloss topcoats is not too encour- 
aging, at least with present poly- 
mers. One of the principal prob- 
lems of developing suitable 
primers is price. Figures of $1.50- 
1.75 per gal have been advanced 
as being the limit that can be 
tolerated for primers. This means 
that the raw materials cost must 
not exceed $0.75-0.85 per gal—a 
difficult price to match. 
Properties of three principal 
acrylic automotive primers are 
shown in Table 3. These emul- 
sions are claimed to provide tough, 


sufficient color retention at 
temperatures to permit formula. 
tion of white or light colored coat. 
ings. 


09 
a, 
= 


testing, and after 1000 hr at ag 
relative humidity of 100% at 95 F. 

Gray metal primer—Properties 
of this coating are quite similar 
to the black gloss primer. The 
formulation was developed as an 
automotive chassis primer and 
can be cured by air drying or 
baking. Again raw materials cost 
is very low—about $0.90 per gal. 

Red oxide primer—This coat- 
ing is intended principally for 
metal castings and is noted for its 
low cost and resistance to gasoline 
oils, and alkalis. In some applica- 
tions it has been used to replace 
lacquer coatings. Coated parts 
have been immersed in gasoline 
for 8 hr with no evidence of fail- 
ure. Similarly, no failure is evi- 
dent after immersion in a mixture 
of 80% motor oil and 20% kero- 
sene for 500 hr at 300 F. The 
coating has also withstood 2 min 
in a boiling alkali solution of 3% 
trisodium phosphate and 10% so- 
dium hydroxide. 

Cost of the red oxide primer is 
in the range of $1.08 to 1.16 per 
gal. It can be air-dried or baked. 


adherent coatings with excellent 
resistance to lubricating oils and 
weathering. No plasticizers are 
needed, as the coatings are very 
flexible. They also dry quickly by 
evaporation and form films even 
at low temperatures. Another ad- 
vantage of these resins is their 
ability to bind large ratios of pig- 
ment and extenders without emul- 
sion breakage. 

The temperature at which an 
acrylic film is formed has a dis- 
tinct effect on properties. A film 
baked for 30 min at 300 F has 
better adhesion than one baked at 
250 F. Best adhesion is obtained 
when the primer is air dried, 
given a topcoat, and then baked. 

All of the acrylic primers de- 
veloped appear to be somewhat 
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TABLE 3—COMPOSITION AND PROPERTIES 
OF ACRYLIC EMULSION AUTOMOTIVE PRIMERS: 














Primer Type » A B C 
cOM POSITION | 
Pi:ment Composition, % 
ie inks eek aAi Samar 40 40 50 
RN a cit is Sins wiles “thing us tweed extanens 40 40 50 
We sc rts divasnckeas 20 — — 
Acicular Zinc Oxide...... — 20 | _ 
Pigment-to-Binder Ratio... 70:30 70:30 | 60:40 
Solids Content, %........ 62.7 63.0 | 60.0 
PROPERTIES 
NE so hia sk eka deyiidinns cee ond Excellent Very good | Very good 
Salt Spray Resistance (primer and topcoat; 500 hr, 
IN sb cisncc eed beakdedinkious 2 Good Good Good 
Water Immersion Resistance (primer and topcoat; | Intense blistering | Unaffected | Very slight 
TT nis kins 0'24kabanedent Piakaces and wrinkling blistering 
Freeze- Thaw Resistance (5cycles at 15Ftormtemp)} SI flocculated Failed Flocculated 














sOne coat over automotive sheet treated with phosphate conversion coating. Film baked for 30 


min at 300 F. 


TABLE 4—PROPERTIES OF ACRYLIC EMULSION APPLIANCE PRIMERS: 








- 
| 





. 
































Type of Primer »> E Alkyd 
White Primer 
COMPOSITION, APPLICATION 
Prime Pigment Composition, % 
Titanium Dioxide........... Rape 50 50 50 67 
Acicular Zinc Oxide. ..... ea 50 50 50 — 
ay ae — — — 33 
Pigment-to-Extender Ratio. . . 75:25 50 :50 No extender | No extender 
ER re 35 min at 35 min at | 35 min at 30 min at 
300 F 300 F 300 F 200 F 
PROPERTIES 
Dry Sanding Properties.................. S| poorer SI poorer S| poorer Good 
than alkyd | than alkyd | than alkyd 
Wet Sanding Properties... . er Good Good Good Good 
Pencil Hardness....... 2H 3H 2H 2H 
Whiteness......... Lp ableitstss delete Good Good Good Fair 
Salt Spray Resistance (816 hr at 95 F, 20% 
salt sol’n; Navy scale—10 best)......... 6.0 4.7 5.7 2.7 
Water Immersion Resistance (720 hr at 
100: F; Navy scale—10 best) 
ay tr 2 2 2 10 
RE Oe ee Oey 7 7 9 9 
White Primer Plus Alkyd-Melamine Topcoat 
PROPERTIES 
es ons euch enencabas 4H 4H 4H 4H 
_ i Se ben et ee ee Good Good Good Good 
Impact Resistance, in.-Ib................. 16 20 18 16 
Photovolt Whiteness (low values best)..... 6.09 5.64 7.92 9.20 
60-Deg Gloss Value, %.................. 81.8 79.8 80.9 81.3 
Salt Spray Resistance (864 hr at 95 F, 20% 
salt sol’n), in. removed®............... 0.50 0.87 0.83 0.60 
Water Immersion Resistance (960 hr at 
100F; Navy scale—10 best) 
ap eee a a a 5 8 8 10 
eet een th ce naes 8 10 10 10 
SE vs ov Pdb esau di acseaa bees 1.90 1.75 2.27 1.70 

















*One 0.8-mil coat over steel treated with phosphate conversion coating. 


bInches removed after stripping with cellophane tape. 







softer than commercial oil-based 
primers. As shown in Table 3, 
formulation A has excellent adhe- 
sion and flexibility and has a 
higher hardness than the other 
acrylic primers. A black nitro- 
cellulose lacquer topcoat applied to 
all of the primers showed no evi- 
dence of lifting. 

The acrylic automotive primers 
are also noted for their good salt 
spray resistance. Primers, either 
alone or with a topcoat, will with- 
stand 500 hr of salt spray with 
only slight blistering. However, 
resistance of the primers to 
freeze-thaw cycling is not too 
good. With the exception of 
formulation A, which showed only 
slight flocculation, the primers are 
not very resistant to low tempera- 
ture cycling. 

In distilled water immersion 
tests (250 hr at 100 F), best re- 
sistance is exhibited by formula- 
tion B, containing acicular zinc 
oxide. This compound appears to 
be necessary in acrylic emulsions 
to obtain good water resistance. 
Appliance primers 

In addition to automotive 
primers, a number of experi- 
mental acrylic emulsions have 
been developed for use on refrig- 
erators, kitchen cabinets and 
similar equipment. As shown in 
Table 4, the properties of acrylic 
primers and alkyd primers are 
quite similar. Note also. that 
formulation F compares favorably 
in cost with a typical alkyd. 

Acrylic appliance primers have 
good spraying properties, can be 
wet sanded, and have very good 
hardness, flexibility, adhesion and 
color retention. They also have 
good resistance to humidity and 
salt spray. However, the primers 
are not very resistant to blister- 
ing when immersed in soap solu- 
tions, detergents or hot water; 
for this reason they cannot be 
recommended for use on washing 
machines. The primers also ex- 
hibit poor resistance to freezing, 
but this is not important. 
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Missile components are an important potential use for this new steel. 





New Stainless Steel 


to Beat Heat Barrier 


Developed by the British to withstand the high frictional 
temperatures encountered by supersonic aircraft and 
missiles, this modified 18-8 steel can be formed soft, then 


hardened by heat treatment. 


@ A new precipitation hardenable 
stainless steel that combines high 
strength, low thermal expansion 
and good resistance to corrosion 
has been announced by Firth- 
Vickers Stainless Steels, Ltd. 
Designated FV520, it is a modi- 
fied chromium-nickel steel contain- 
ing copper, molybdenum and tita- 
nium. The material was developed 
for airframe and skin applications 
in supersonic airplanes and mis- 
siles, and is produced on a tonnage 
basis. 
Forms and treatments 

The new alloy is supplied in two 
slightly modified compositions: B 
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for bar stock, forgings and cast- 
ings; and §S for sheet and strip. 
The only significant difference 
between them is the condition in 
which they are supplied. 

Bars and forgings of FV520B 
are usually supplied in the fully 
hardened condition, obtained by 
heating 2 hr at 1380 F, air cooling 
and reheating 2 hr at 1050 F. In 
this condition they meet minimum 
specifications of 112,000 psi yield 
strength (0.1%) and 134,000 psi 
tensile strength. 

To facilitate machining, how- 
ever, FV520B bars that have had 
only the 1380 F heat treatment 
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can be obtained; hardness is about 
280 Bhn. After the component 
has been machined, a final heat 
treatment at 1050 F will increase 
the hardness to 310 Bhn. It may 
be necessary to remove the oxide 
film by vapor blasting, grinding 
or pickling after this heat treat- 
ment. 

Sheet and strip of FV520S can 
be obtained in the softened condi- 
tion resulting from air cooling 
from 1925 F. The soft material 
has a yield strength (0.1%) of 
56,000 psi and is suitable for 
various forming operations. Al- 
though the alloy work hardens 
rapidly, formed components can 
be hardened quite uniformly 
across both cold worked and un- 
worked sections by a relatively 
low temperature heat treatment. 
This treatment consists of heat- 
ing 2 hr at 1375 F, air cooling to 
room temperature, holding 24 hr, 
and 1) peak hardening by holding 
2 to 16 hr at 840 F, or 2) over- 
aging by holding 2 hr at 1040 F. 
Properties 

Physical and mechanical proper- 
ties of FV520 are given in an 
accompanying table. Particularly 
noteworthy among the physical 
properties is the coefficient of 
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Fig 1—Short-time mechanical properties of sheet and bar at elevated tem- 


peratures. 


thermal expansion, which is com- 
parable with that of low carbon 
steel and considerably lower than 
that of 18-8. 

Tensile properties can be varied 
considerably by heat treatment. 
The softest material is obtained 
by quenching from above 1900 F. 
Use of suitable double hardening 
treatments, given in the table, pro- 
duces peak hardness or over-ag- 
ing in wrought material. Castings 
are produced to a slightly differ- 
ent composition from wrought 
material and the intermediate 
hardening treatment is not re- 
quired, 

Short time elevated tempera- 
ture properties, given in Fig 1, 
indicate good strength retention 
to moderately elevated tempera- 
tures. Firth-Vickers does not 
recommend the steel for service 
at temperatures above 900 to 
950 F; the transformation tem- 
perature of the steel is about 
1100 F. 

In the over-aged condition, the 


@ 
oO 





o 
°o 


1 


Condition of bor: Over-aged, 
tensile strength=/46, O00 psi 








00 -300 -200 -1l00 2) 100. )=—- 200 
Temperature, F 





iN 
bO 


izod Impact Value (V notch), ft-Ib 
b 
re) 


Fig 2—Impact strength of bar at 
various temperatures. 


new alloy retains good resistance 
to notched impact loads down to 
temperatures at least as low as 
—300 F (see Fig 2). 

Corrosion tests in acids and 
sodium chloride solutions under 
laboratory conditions indicate that 
FV520 has corrosion resistance 
equal to that of 18-8. In addition, 
the new alloy has excellent resist- 
ance to stress-corrosion cracking 
as shown by tests in high pres- 
sure steam at 575 F contaminated 
with chlorides and caustic alkalis. 
Weldability 

The new steel is weldable with- 


COMPOSITION AND PROPERTIES 





COMPOSITION, %....... .. 0.07 C, 16 Cr, 
6 Ni, 1.5 Cu, 
1.5 Mo, 0.3 Ti 

PHYSICAL PROPERTIES 
Density, Ib/cuin.............. 0.28 


Ther Cond (120 F), Btu/hr/sq ft/°F /ft. .. .9.2 
Coef of Ther Exp (68-930 F), per °F .7.4 x 10-6 
Elec Resistivity (68 F), microhm-cm — 


MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 


es chad 65 kk Sais evinte cco Se 
Sheet (peak hard.)>......... 184 
a A : 123 
Bar (peak hard.)®....... 184 
Bar (over-aged)°......... ican eee 
EE eT 
Ec, dnnwnasesdd state’ 147 
Yield Strength (0.1%), 1000 psi 
NG So ie CEU Dik a ccd yy doe +e eke 45 
Sheet (peak hard.)>......... cae eee 
RNG Oikos veneasvavs ....40 
Bar (peak hard.)®... 157 
Bar (over-aged)°. . 138 
Ee So ek van deb odie st carecte 123 
Elongation, % 
hee sehen) ee 
Sheet (peak hard.)®................... 23 
a er: 
rrr 19 
Bar (over-aged)°......................23 
Ee ae 
ME ooo ka isc ceccusdecesea 8 
Reduction of Area, % 
I re 
Bar (peak hard.)>..... ae 
Bar (over-aged)°. . . .. 58 
Sand Cast¢...... 47 
reer er 


Fatigue Strength, 1000 psi 
Bar (unnotched, over-aged)<. .87 (108 cycles) 
Bar (notched, over-aged)°. .49(6x 10’ cycles) 


Creep Strength (stress to give 
0.2% total plastic strain 
in 1000 hr), 1000 psi 
Mies ob dss sakce cakes 14 
RE ae oe aaa 





aAir cooled from 1925 F. 

bAir cooled from 1925 F; 2 hr at 1375 F; air 
cooled to 60 F in 2 hr; 2 hr at 850 F. 

cAir cooled from 1925 F; 2 hr at 1375 F; air 
cooled to 650 F in 2 hr; 1 hr at 1050 F. 
dAir cooled from 1830 F; 1 hr at 1100 F; air 
cooled. 

eAir cooled from 1925 F; 1 hr at 1200 F; air 
cooled. 


out preheat, and no elaborate pre- 
cautions are required to prevent 
cracking. There is no tendency 
for peak hardening to occur in 
the heat affected zone; maximum 
hardness adjacent to welds is 
about 320 Bhn. Heat treatment 
after welding is not required, but 
stress relief, if desirable, can be 
accomplished by a post weld treat- 
ment at 1000 F. 
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Redesigned assembly is Magnetic 


Anomaly Detection (MAD) unit 
mounted on vertical stabilizer of 
P5M-1 Marlin seaplane. 


@ In redesigning the housing-to- 
pylon mount of the MAD assem- 
bly (see photo above), the major 
objectives were to 1) improve 
strength-to-weight ratio to in- 
crease efficiency of the unit, 2) 
increase production rate and re- 
duce cost, and 3) improve repro- 
ducibility of quality. 

In addition, the mount itself 
had to have: 


The redesign discussed in this article won a Citation in M/DE’s Awards Competition and was covered briefly in last month’s issue (Apr, p 149). 


Mount connecting MAD capsule housing to pylon is made of new epoxy- 





glass molding material, shown here as received, as two shaped preforms, and 


as a completed compression molding. 


1. High strength, since the 
mount acts as the upper closing 
rib on the pylon and redistributes 
the capsule housing loads to the 
pylon covers and spars. 

2. Low moisture absorption, 
since the assembly is mounted on 
a seaplane and operates under sea 
spray and moisture conditions. 

3. Retention of physical and 
mechanical properties over a serv- 
ice temperature range of —65 to 
160 F. 

4. Formability of such nature 
as to permit design flexibility and 
relatively high production rates. 

After thorough developmental 
testing Martin found that a new 
epoxy-glass compression molding 
material, developed by Minnesota 
Mining and Mfg. Co. and desig- 
nated Scotchply 1100, met all the 
design requirements. The mate- 
rial has_ significantly higher 
strengths than other types of 
plastics molding materials and is 
equivalent in strength to glass 
fabric-reinforced laminates. 

The material consists of 35% 
epoxy resin and 65% chopped 
glass fibers of 114-in. length. It is 
supplied in the premixed, cata- 
lyzed condition, and no treatment 


is necessary prior to molding. It 
is molded by conventional com- 
pression molding techniques with 
1000 psi pressure, 330 F curing 
temperature and 20-min cure 
time. Mold release materials suit- 
able for epoxies should be used. 
Mechanical properties 

Mechanical properties of the 
molded material are given in the 
accompanying table. Tensile, com- 
pressive and flexural strength 
values are generally high. 

Tensile strength of the material 
in the heavy 1%-in. thicknesses is 
about 32,000 psi, though the data 
show considerable scatter, with 
high values up to 47,000 psi. When 
tested wet, the molding material 
shows only a slight drop-off in 
strength from room temperature 
values. The reduction in strength 
is 6% for %4-in. thicknesses, 2% 
for 14-in. thicknesses. 

The average dry tensile value 
of 32,000 psi (14-in. thickness) is 
about 8000 psi lower than that of 
standard (\%-in.) glass  fabric- 
reinforced laminates. However, 
since 1) data indicate that ulti- 
mate strength is inversely propor- 
tional tothickness, and 2) strength 
reduction for the molded materia! 


New Epoxy-Glass Molding Compound 


High strength 
provides 
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‘no the wet condition is very small, 
the strength of the molding com- 
pound is considered comparable to 
the strength of glass cloth lami- 
nates under wet conditions. 

Compressive strength values, 
given only for the heavier thick- 
nesses (14 and 14 in.), are about 
twice the maximum value for 
standard molding compounds and 
are comparable to those of glass 
fabric-reinforced laminates. The 
block compression values (unsup- 
ported) are about 25% higher 
than the column compression 
values, probably because at these 
heavier thicknesses the column 
specimens are acting similarly to 
the block specimens and the sup- 
porting jig used by Martin in 
column testing was not adequate 
for the loads involved. 

Tested wet, the material has 
column compression values only 
slightly lower than the dry values, 
and a block value of about 55,000 
psi, or 10% higher than the dry 
values. 

Flexural strength values at the 
standard %%-in. thickness averages 
96,400 psi, which is roughly ten 
times higher than that of stand- 
ard molding compounds and sub- 
stantially exceeds the 50,000 psi 
specification requirement for glass 
fabric-reinforced laminates. Tested 
wet, the material has 80% of its 
dry flexural strength. Fig 1 shows 
how ultimate flexural strength 
varies with the thickness. 

Effect of temperature 

Effects of the maximum speci- 
fication temperature (160 F) on 
tensile, compressive and flexural 
strengths are given in the accom- 
panying table. Values are slightly 
lower than room’ temperature 
values. Rigidity values are the 
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Availability 


Additional information on 
Scotchply 1100 is available from 
Minnesota Mining and Mfg. Co., 
900 Fauquier St., St. Paul, 
Minn. According to the com- 
pany, the material is now avail- 
able in commercial quantities. 










Properties of epoxy-glass moldings 


AVERAGE MECHANICAL PROPERTIES 





























j 
Condition » Rm Temp* Wet at Rm Temp 160 F 
Thickness » | % In.¢| % Ine | % Ine | % Ine | Y In.4 | Y% In 
TENSILE PROPERTIES (1011)> 
 - | ee 31.9 30.3 39.0 29.8 27.6 32.2 
Yid Str (0.2% offset), 1000 psi... .. 30.7 27.3 29.5 28.5 27.5 31.4 
Mod of Elast, 10° psi.............. 3.39 3.04 3.0 3.24 1.98 2.40 
COLUMN COMPRESSIVE 
PROPERTIES (1021.1)> 
el Sok a crains cases 44,7 37.6 39.4 35.0 30.0 32.8 
Yid Str (0.2% offset), 1000 psi..... 38.6 36.3 38.3 33.9 27.2 31.0 
Mod of Elast, 10 psi.............. 2.99 3.18 2.79 2.49 2.43 2.52 
BLOCK COMPRESSIVE PROPERTIES 
(1021.1) 
ls Ms cn ncy sid canenes _ 50.0 — 54.7 — 39.3 
Yid Str (0.2% offset), 1000 psi..... _ 49.6 — 54.7 — 41.8 
Mod of Elast, 10° psi.............. — 2.25 — 2.69 _ 2.12 
FLEXURAL PROPERTIES (1031.1) 
ff | errr rr rey 55.6 48.5 51.7 46.9 47.6 39.4 
Mod of Elast, 10° psi.............. 2.44 2.71 2.44 2.75 1.97 2.44 
Ye |n.4@ Ye |n.4 Ye In.4 
8 3S, re 96.4 75.5 56.0 
Mod of Elast, 10° psi.............. 4.42 4.13 2.59 











aScotchply 1100. 
e73.6 + 2.5°F; 50 + 5% RH. 


Oh 


100 





3 





73F 
a Wet at 73 F- 
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Flexural Strength, 1000 psi 
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Thickness, in. 
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Fig 1—Average flexural strength 
vs thickness. 





bFederal Specification L-P-406 test method given in parenthesis. 
dThicknesses are nominal. 


Stress, 1000 psi 
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Temperature, F 


Fig 2—Effect of temperature on 
flexural strength. 








most drastically reduced. At 160 F 
modulus of elasticity in tension is 
2.2 x 10® psi or 65% of the room 
temperature value, in compression 
is 2.4 x 10® or 80% of the room 
temperature value, and in flexure 
is 2.4 x 10° psi or 55% of the 
room temperature value. 

Fig 2 shows the effects of tem- 
peratures above the maximum 
specification temperature on flex- 
ural properties of the material. At 
around 200 F flexural strength 
falls off rapidly. Above 250 F the 
curve levels off, with little de- 
crease in strength at temperatures 
up to about 350 F. 


Suitability for fastening 

Data from several tests indicate 
that the material is at least as 
suitable as glass fabric-reinforced 
laminates for joining with me- 
chanical fasteners. Fastener de- 
termination tests were made us- 
ing lap-shear fastener specimens 
with an edge distance-hole diam- 
eter ratio of 2D and two 100-deg 
flush head aluminum alloy rivets 
with suitable washers. These 
were adhered in place with an 
epoxy adhesive which was allowed 
to cure before testing began. 

Tests were conducted in accord- 
ance with Federal Specification 
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L-P-406, Method 1051. The test- 
ing was drastically curtailed when 
it was found that the epoxy mate- 
rial would not fail at this loading. 
All failures were rivet shear fail- 


Bearing strength determinations 
were made in accordance with the 
same _ specification, except that 
edge-distance ratios were varied 
to include 3D and 4D in addition 


ment, Bearing strength was fou 
to average 85,300 psi for all ed 
distances tested; differences 
edge distance ratios seemed 


have no effect. This average va 





ures. 


to the 5D specification require- compares with the 35,600 psi val 


Redesign of housing and pylon produces more efficient structure 


The MAD unit for the Martin 
P5M-1 Marlin seaplane consists of 
three components: the capsule hous- 
ing, the housing-to-pylon mount 
ani the pylon. All three compo- 
nents originally were fabricated by 
wet lay-up, glass cloth-polyester 
resin construction. 

In redesigning the assembly, 
Martin replaced this construction 
with an epoxy-glass compression 
molding material (see accompany- 
ing article) for the mount, and 
preimpregnated glass _ cloth-poly- 
ester laminating material in the 
housing and pylon. 

The redesigned structure is 30% 
more efficient, each pound of the 
new structure supporting 2.21 Ib 
as opposed to 1.69 lb for the orig- 
inal design. The redesign also pro- 
vides a substantial reduction in 
manufacturing costs, an increased 
production rate, simplified fabrica- 
tion, and better reproducibility of 
quality. The redesign permits the 
unit to more efficiently and eco- 
nomically meet its design require- 
ments, i.e., 1) protect the electronic 
equipment, 2) support environ- 
mental loads throughout a tem- 
perature range of —65 to 160 F in 
a salt spray atmosphere, and 3) 
withstand aerodynamic loads, icing 
loads and inertia loads resulting 
from dynamic accelerations during 
take-offs, landings and flight ma- 
neuvers. 


Housing-to-pylon mount 

The housing-to-pylon mount is 
located at the upper end of the 
pylon. It acts as the upper closing 
rib on the pylon and redistributes 
the housing loads to the pylon 
covers and spars. 

When fabricated by wet lay-up 
methods the configuration of the 
part necessitated excessive chop- 
ping and trimming of the glass 
fabric. resulting in parts of ques- 
tionable reliability. Also, this op- 
eration increased the demands on 
the fabricator. The mount is now 
produced by placing a predeter- 
mined amount of molding material 


plifies the production process. 
Use of the new molding materia] 
has increased the production rate 
from two-thirds of a unit to three 
units per man-day—an increase of 
350% in production rate. Also, the 


in a compression molding tool and 
applying heat and pressure for 40 
min. At the end of this brief cycle 
the completed mount is removed 
from the mold, 

The new epoxy-glass material 
provides mechanical properties in molded mount weighs 10% less 
the molded condition equivalent to than the original. 
those produced by wet lay-up of the 
polyester-glass cloth laminate. Use The housing and pylon provide 
of the compression molding tech- protection and support for the 
nique also substantially increases MAD equipment and must meet 
production speed and greatly sim- 


Housing and pylon 


pertinent military specifications. 


The housing capsule 





Cylindrical center section, shown here in close-up, is stabilized with 
internal ring frames and bulkheads. It supports the major MAD equipment. 





Nose and tail cones provide aerodynamic fairing for the housing and 
support the compensating rings and condenser. 

























‘ported by Forest Products Lab 
‘atory for glass fabric-reinforced 
minates. 

Shear (double 


strength values 


ear, loaded as a pin) averaged 


},900 psi. 


The 


monocoque 


housing capsule is a semi 
shell composed of a 
cylindrical center section and nose 
and tail cones. The center section 
is a cylindrical shell stabilized with 
internal ring frames and bulkheads 
and supports the major MAD 
equipment and the cones. The shell- 
like nose and tail cones provide 
aerodynamic fairing for the hous- 
ing, and support the compensating 
rings and condenser. The capsule 
is bolted to the molded mount at 
the upper end of the pylon. 

The pylon is a two-cell structure 
at the upper end, swelling to a 
three-cell structure at the 
The original design of the 
housing and pylon made use of 
detail parts such as spars and ribs 
of glass fabric-reinforced polyester 
laminates fabricated by the wet 
lay-up process. The pylon cover 
blankets were plastics honeycomb 
sandwich panels with glass fabric- 
reinforced polyester laminate skins 
manufactured by the same process. 
An aluminum beam 
the area between the spars to sta- 
bilize the covers under load. 

In the redesigned assembly, de- 
tail parts such as ribs, 
doublers, frames and bulkheads are 
fabricated from type 181 glass 
cloth preimpregnated with poly- 
ester resin. The aluminum beam 
has been eliminated. 

Use of prepreg materials has 
provided substantial cost reductions 
and an increase in production rate. 
Though the raw materials cost is 
25% higher than before, this in- 
crease is more than offset by re- 
duction in scrap and elimination of 
clean-up time and equipment, and 
in the economies inherent in pro- 
curement, handling, storage and 
inspection of only one material. 

Unit cost of the redesigned hous- 
ing and pylon is 55% lower than 
that of the original wet lay-up 
assembly. The original assembly 
required 872 man-hours as com- 
pared with 332 man-hours for the 
redesigned assembly. Also, repro- 
ducibility of quality is improved 
because of the controlled nature of 
the prepreg material. 


lower 
end. 


was used in 


spars, 










































Design variables molding is less than 0.001 In. 


Shrinkage determinations indi Optimum molding pressure was 





cate that change in dimension found to be 1000 psi; increases of 

from the original mold dimension up to 5000 psi in molding pressure 

is nil. The maximum value ob produced lower flexural strength 

tained for panel warpage after values. 

The pylon | 




















Components «are spars, ribs, leading edge and honeycomb core made from 


glass cloth-polyester prepreg. These are joined to make... 








. . « subassemblies which are subsequently joined to form... 


. » « complete structure, shown here in jig end with one side removed. 
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Guide to 


Materials Standards 
and Specifications 


Part 3—Nonferrous Metals 


by S. P. Kaidanovsky, 
Consulting Engineer 


@ Standards and specifications on 
nonferrous metals and alloys are 
prepared or issued by most of the 
governmental agencies and na- 
tional organizations, such as the 
Federal Supply Service, Dept. of 
Defense, American Society for 
Testing Materials, Society of 


Automotive Engineers and Amer- 
ican Standards Assn. Their stand- 
ardization activities were covered 
in Part 1 of this series. 

In addition, a number of trade 
associations concerned with non- 
ferrous metals prepare standards 
or assist standards agencies. Two 





Where to Obtain Standards for Nonferrous Metals 


American Society for Testing Ma- 
terials 
1916 Race St., Philadelphia 3, Pa. 


ASTM Standards, Part 2—Non- 
ferrous Metals. Each standard 
available separately." 


Society of Automotive Engineers 
485 Lexington Ave., New York 17. 


SAE Handbook. Each AMS avail- 
able separately." 


U. S. Government 


Supt. of Documents, U. S. Gov- 
ernment Printing Office, Wash- 
ington 25, D. C. 

Federal and Military Specifica- 
tions. Each standard available 
separately." 


American Standards Assn. 

70 E. 45th St., New York 17. 
Each standard available sepa- 
rately." 

Investment Casting Institute 

27 E. Monroe St., Chicago 3, IIl. 
Investment Castings Specifica- 
tions. 

Metal Powder Assn. 

130 W. 42nd St., New York 36. 


Summary of Standards, Speci- 
fications for Metal Powders and 
Metal Powder Products. 


Copper and Brass Research Assn. 
420 Lexington Ave., New York 
ye 

Manual of Standards. 


Brass and Bronze Ingot Institute 
300 W. Washington St., Chicago 
6, Ill. 

Technical Manual, Ingot Brass 
and Bronze. 


Aluminum Assn. 

420 Lexington Ave., New York 
17, 

The Aluminum Association Alloy 
Designation System. Glossary of 
Terms for Aluminum Sheet and 
Plate and Aluminum Extruded 
and Tubular Products. 


American Die Casting Institute, 
Inc. 

366 Madison Ave., New York 17. 

Each standard available sepa- 

rately. 

Dow Chemical Co. 

Midland, Mich. 


Magnesium Specifications Di- 
gest. 


® See first article (Mar ’58) for information on index. 
Use of standards issued by trade associations should not be considered mandatory, 
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of them, the Investment Casti) 
Institute and the Metal Powd 
Assn., were covered in Part 2 
this series; the rest are cover 
here. 

The standards and specifications 
on nonferrous metals issued by 
the various organizations ar 
summarized in the table. 


Aluminum Assn. 

The Aluminum Assn. (AA) is 
the national trade association of 
the aluminum industry. For the 
purpose of promoting a better 
understanding between producer 
and consumer, the association has 
issued a standard glossary of 
terms for aluminum sheet, plate, 
and extruded and tubular products. 

It has also developed and issued 
a standard alloy designation sys- 
tem for wrought aluminum. This 
system provides a four digit code 
for designation of wrought alu- 
minum and wrought aluminum 
alloys, which is called an AA 
Number. The first digit of the 
designation indicates unalloyed 
aluminum, or major alloying ele- 
ment(s) : 


Unalloyed Aluminum 
(99.00% or better)....1XXX 


BE WUE vas Vode e stews 2XXX 
Manganese ............. 3X XX 
a clas cee 46 oe bees 4XXX 
Magnesium ..........++-+:. 5XXX 
Magnesium and Silicon. ..6XXX 
SE Se ee T™XXX 
Other Element ......... 8x XX 
Unused Series .......... 9XXX 


The second digit indicates impur- 
ity limits for unalloyed aluminum. 
or modification of original alloy. 
The last two digits indicate the 
aluminum purity for unalloyed 
aluminum, or identify the differ- 
ent alloys in the group. 

If the second digit is zero, it 
indicates that there is no special 
control on individual impurities. 
Integers 1 through 9, which are 
assigned consecutively as needed, 
indicate special control of one or 
more individual impurities. 

In the 1XXX group (aluminum 
of 99.00% min), the last two of 
the four digits indicate the mini- 
mum aluminum percentage to the 





This is the third in a series of six articles on 
materials standards and specifications. Sub- 
sequent articles will deal with organizations 
and standards on plastics and rubber, other 
nonmetallics and finishes. 
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nearest 0.01%. A 99.30% alumi- 
num without special control of in- 
dividual impurities would have: 
first digit, 1, second digit, 0, last 
two digits, 30. Thus, the desig- 
nation would be 1030. Aluminum 
of the same purity (99.30% min) 
with special control on 1, 2, 8, etc., 
impurities would have the same 
first digit (1), but the second 
digit, instead of being 0, would be 
1, 2, 8, ete., impurities. Thus, the 
designation of the aluminum 
would be 1130, 1230, 1330, etc. 

In the 2XXX through 8XXX 
alloy groups, the second digit in 
the alloy designation indicates 
alloy modifications. If the second 
digit is 0, it indicates the original 
alloy; integers 1 through 9, which 
are assigned consecutively, indi- 
cate alloy modifications. Thus, in 
the aluminum-copper alloy desig- 
nation 2017, the second digit, 0, 
indicates the original alloy; in the 
designation 2117, the second digit, 
1, indicates the modification of the 
original alloy. 

The last two of the four digits 
in the designation of alloy groups 
have no special significance but 
serve only to identify the different 
alloys in the group. For new alloys 
the last two digits are assigned 
consecutively beginning with 
XX01. 

The temper designation follows 
the alloy designation and is sepa- 
rated from it by a dash. The 
ASTM has developed a system 
for designating the tempers of 
light metals and alloys, both cast 
and wrought (B296-54T). The 
designations for temper are based 
on the sequence of basic treat- 
ments used to produce the temper. 
Copper and Brass 
Research Assn. 

The CABRA develops standards 
in tentative form through a repre- 
sentative committee of the copper 
industry. The tentatives are re- 
viewed by the entire membership 
for comment or approval. The 
association publishes a Manual of 
Standards which gives consider- 
able information on standards on 
wrought copper and copper-base 
alloys. These standards are called 
Alloy Data. Reference is made in 
these standards to the nearest 
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Type of Document 
Document | Identification 


Forms and/or Uses 





ALUMINUM AND ALUMINUM ALLOYS 





ASTM 


SAE 


SAE 


Federal 


Military 
ASTM 
SAE 


SAE 
Federal 
Military 
ICl 


ADCI 
ADCI 


| 





| Spec | BXXX-Year 

| | 

| | 

| Std m 

| Mtl Spec | AMSXXX 

| | 

| 

| Spec QQ-A-XXX 

| 

| Spec | MIL-A-XXX 

| Spec | BXXX-Year 

Std —_ 

| Mtl Spec | AMSXXX 
Spec | QQ-A-XXX 

| Spec | MIL-A-XXX 

| Spec AL-1 

| Std ADCI-M2-55T 
Std ADCI-M3-55T 





Ingots, forgings, bars, rods, wire; extruded bars, 
rods and shapes; pipe; drawn seamless, ex- 
truded tube; welding rods, bar electrodes; 
brazing filler metal 

Sheet, plate, drawn tube, extruded tube and 
shapes, rolled shapes, rods, bars, wire, rivets, 
forgings, forging stock 

Sheet, plate, foil; seamless, drawn hydraulic 
tubing; rolled or drawn bars, rods and wire: 
forgings, extrusions, brazing wire, welding 
rod and wire. Aeronautical uses 

Plate, sheet; rolled or drawn bars, rods and wire; 
extruded bars, rods and shapes;, free ma- 
chining bars, rods and wire; forgings 

Forgings, plate, sheet, impact extrusions 

Sand, permanent mold and die castings 

Sand, permanent mold and die castings. Auto- 
motive and allied uses 

Sand, permanent mold, centrifugal, die and in- 
vestment castings. Aeronautical uses 

Sand, permanent and semi-permanent mold, 
and die castings 

Sand, permanent mold and die castings 

Alloy investment castings 

Die castings 

Die castings 





COPPER AND COPPER ALLOYS 





ASTM 


SAE 


SAE 


SAE 

Federal 
Federal 
Federal 


Federal 


Federal 


Federal 


Federal 











Spec BXXX-Year 
Std Do tam 
| 
Mtl Spec AMSXXX 
Mtl Spec AMSXXX 
Spec QQ-C-XXX 
Spec QQ-B-XXX 
Spec QQ-B-XXX 
Spec QQ-M-XXX 
Spec QQ-N-XXX 
Spec QQ-P-XXX 
| Spec Q0-L-XXX 


Wire, bars, slabs, billets, ingots, casting copper 
and copper for wrought products and alloys: 
plate, sheet, strip, rolled bars, rods, bars and 
shapes, die forgings, alloy wire, pipes and 
tubes; filler metal; sand, centrifugal and die 
castings 

Brass sheet and strip; aluminum bronze rods, 
bars, and shapes; copper sheet and strip, 
free-cutting brass rods; naval brass rods, bars, 
forgings and shapes; seamless brass tubes, 
copper tubes, phosphor bronze sheet and 
strip, brass wire, phosphor bronze wire and 
rod, annealed copper wire, brass forgings, 
sand castings 

Plate, sheet, strip, seamless tubing, rods, bars, 
forgings, wire, brazing wire, bearings; sand, 
centrifugal, investment and die castings. 
Aeronautical uses 

Leaded copper, leaded bronze, babbitt on 
bronze; bearings 

Rods and shapes, flat wire, strip, bars, plate, 
rolled bars, sheet, strip, castings 

Brass. Plate, bars, rolled bars, rods, sheet, 
strip, shapes, forgings, castings 

Bronze rods, bars, rolled bars, shapes, forgings, 
plate, sheet, strip, castings 

Manganese bronze. Bars, plate, rods, sheet, 
strip, flat wire, forgings, structural and spe- 
cial shaped sections, castings 

Naval brass. Rods, bars, wire, shapes, forgings, 
flat products with finished edges 

Phosphor bronze. Bars, plate, rods, sheet, strip, 
flat wire, structural and special shaped sec- 
tions 





Leaded tin bronze castings 
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applicable ASTM specifications. 
The association actively partici- 
pates in the work of ASTM and 
ASA. 

CABRA standard commercial 
wrought coppers and copper-base 
alloys are designated by descrip- 
tive names such as Low-Leaded 
Brass, Architectural Bronze, etc. 
In many cases, the percentage of 
copper and/or percentage of some 
of the alloying elements follows 
the name; e.g., Commercial 
Bronze, 90%; Red Brass, 85%; 
and Nickel Silver, 65-10. The date 
of latest issue is indicated on each 
document. 

Brass and Bronze 
ingot Institute 

The BBII is active in establish- 
ing standards for ingot brass and 
bronze and castings. It actively 
cooperates in the ASTM’s pro- 
grams to standardize specifica- 
tions for copper-base alloys in 
ingot form. For ten years the 
institute maintained a research 
associate at the National Bureau 
of Standards for the purpose of 
checking the practicality of such 
specifications. 

The institute publishes a man- 
ual, Ingot Brass and Bronze. It 
includes information on _ ingot 
brass and bronze specifications, 
physical characteristics, uses and 
suggestions as to the techniques 
by which these alloys can be suc- 
cessfully and economically used. 

The BBII specifications desig- 
nate numerically each particular 
group of alloys, followed by a 
suffix letter A, B, C, etce., indi- 
cating the nominal composition of 
each alloy. Thus, leaded tin bronze 
with nominal composition 88 cop- 
per-6 tin-114 lead-414% zinc, is 
designated 2A. Leaded tin bronze 
with nominal composition 87 cop- 
per-8 tin-1 lead-4% zinc is desig- 
nated 2B. The date of the latest 
issue is indicated on the document. 


Lead Industries Assn. 


The LIA does not issue its own 
standards or specifications. Usu- 
ally when the association prepares 
a standard it attempts to have it 
promulgated by some nationally 
recognized standards organization 
or by the Federal Government. 
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COPPER AND COPPER ALLOYS—continued 








j 
Military Spec | MIL-B-XXX 
Military Spec | MIL-C-XXX 
ASA Spec | H-Year 
CABRA Alloy Data Number 
BBII Std Number-Letter 
ici Spec CU-1 
ADCI Std ADCI-M5-56T 











Bronze castings 

Castings 

Wire bars, slabs, billets, ingots, ingot bars: 
forging rods, bars and shapes; wire: free- 
cutting brass rods, bars and shapes 

Wrought products 

Ingot brass and bronze alloys 

Silicon brass. Alloy investment castings 

Die castings 





ENGINEERING 


MAGNESIUM AND MAGNESIUM ALLOYS 











ASTM Spec BXXX-Year 
SAE Std _~ 

SAE Mtl Spec AMSXXX 
Federal Spec QQ-M-XXX 
ASTM Spec BXXX-Year 
SAE Mtl Spec AMSXXX 
SAE Std | — 
Federal Spec | QQ-M-XXX 
ICI Spec | MG-1 

ADCI Std ADCI-M7-56T 





Ingots, bars, rods, shapes, sheet, forgings, ex- 
truded tube, brazing filler metal 

Sheet, strip, bars, rods, shapes, tubing, forgings 

Extrusions, forgings, sheet, plate. Aeronautical 
uses 

Bars, rods, special extruded sections, forgings, 
plate, and sheet 

Sand, permanent mold and die castings 

Sand, permanent mold and die castings. Aero- 
nautical uses 

Sand, die and permanent mold castings. General 
application 

Sand, permanent and semi-permanent mold, 
and die castings 

Alloy investment castings 

Die castings 





NICKEL AND NICKEL ALLOYS, COBALT ALLOYS 











ASTM Spec | BXXX-Year Plate, sheet, strip, rods, bars, wire, pipe, tub- 
| ing, filler metal 

Federal Spec | QQ-N-XXX Bars, plate, rods, sheet, strip, wire, forgings, 
structural and special shaped sections 

Military Spec MIL-N-XXX Bars, forgings 

ASA Spec H-Year Seamless pipe and tubing 

Federal Spec | QQ-N-XXX Castings. General use 

ICI Spec NI-1 Alloy investment castings 

ICI Spec CO-1 Cobalt-base alloys. Investment castings 





The association cooperates with 
all the standardizing organizations 
by supplying them with informa- 
tion and reviewing the specifica- 
tions for technical and commercial 
acceptability. The LIA is repre- 
sented on many ASTM commit- 
tees, and it works closely with the 
Federal Supply Service, General 
Services Administration on Fed- 
eral Specifications, and with the 
Commodity Standards Div. of the 
Dept. of Commerce. 
Magnesium Assn. 

The Magnesium Assn. does not 
develop standards or specifications 
of its own. Its members use those 








issued by the various specification 
writing organizations. To assist 
the designers and users of wrought 
magnesium and magnesium cast- 
ings, the Magnesium Dept. of the 
Dow Chemical Co. publishes a 
Magnesium Specifications Digest 
listing Federal, MIL, SAE, AMS 
and ASTM specifications. A brief 
digest and an interpretation of 
each specification is given. 
American Zinc Institute 

The AZI’s effort for develop- 
ment of standards and specifica- 
tions is conducted by committees 
or task groups, but it does not 
issue specifications of its own. 
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Type of Document 
ganization Document Identification Forms and/or Uses 
LEAD- AND TIN-BASE ALLOYS 
Military Spec MIL-T-XXX Tin. Strip, sheet 
Federal Spec QQ-T-XXX Tin (phosphor). General use 
Federal Spec QQ-T-XXX Tin alloy ingots and castings; lead alloy ingots 
and castings (antifriction metal). Bearing uses 
ASTM | Spec BXXX-Year Lead- and tin-base alloy die castings 
TITANIUM AND TITANIUM ALLOYS 
ASTM Spec BXXX-Year Strip, sheet, plate, bars, tube, rods, wire 
SAE Mtl Spec AMSXXX Plate, sheet, strip, bars, forgings, welded tubing. 
Bees 20 fi Aeronautical uses 
ZINC AND ZINC ALLOYS 
ASTM | Spec | BXXX-Year _| Slab, rolled 
Federal Spec QQ-Z-XXX Plate, sheet, strip 
ASA | Spec H-Year Slab (spelter), rolled 
ASTM | Spec BXXX-Year Die castings, ingots for die castings 
SAE Genl Info | — Die castings 
Federal Spec | QQ-Z-XXX Die castings 
Military Spec MIL-Z-XXX Sand castings 
ADC! Std ADCI-M9-57T | Diecastings 
NONFERROUS METAL POWDERS 
ASTM | Spec | BXXX-Year Bronze, brass, copper-infiltrated iron. Structural 
parts 
SAE Genl Info — Bearings, structural parts, filters. Automotive 
and general industrial uses 
Military Spec | MIL-B-XXX Oil-impregnated. Bearings. Aircraft uses 
Military Spec JAN-A-XXX Aluminum powder 
Military Spec MIL-B-XXX Brass. Structural parts 
Military | Spec JAN-M-XXX Magnesium, magnesium-aluminum 
Military Spec JAN-M-XXX Manganese 
Military Spec JAN-N-XXX Nickel. Parts 
Military Spec JAN-T-XXX Tin. Parts 
Military Spec MIL-Z-XXX Zirconium-nickel, zirconium. Parts 
MPA Specs Summary | DS Parts, bearings 














Most of the specifications of inter- 
est to the institute are developed 
and issued by Government agen- 
cies and recognized standards or- 
ganizations. Representatives of 
the AZI are committee members 
of such organizations or work 
closely with them in formulating 
and modifying specifications on 
zine and zinc alloys. 
American Die Casting 
Institute 

The ADCI is an association of 
job shop producers of die castings. 
To assist users of die castings, 
the institute prepares a series of 
guides called Product Standards 


for Die Castings. They are: Engi- 
neering Products Standards, Met- 
allurgical Standards and Commer- 
cial Practices. The Metallurgical 
Standards, in particular, cover the 
composition, properties and char- 
acteristics of aluminum, copper, 
magnesium and zinc-base alloy die 
castings. 

Engineering Product Standards 
are numbered serially and bear 
the prefix Z. Metallurgical Stand- 
ards are also numbered serially 
and bear the prefix M. Each stand- 
ard is identified as ADCI. In 
addition the designation consists 
of the last two digits of the year 





in which the standard is adopted 
or revised, and a suffix JT if the 
standard is Tentative. Thus, 
Metallurgical Standard, Zinc-Base 
Alloy Die Castings is designated 
ADCI-M9-57T. 


ASTM Designations 


The American Society for Test- 
ing Materials has developed a sys- 
tem for designating cast and 
wrought light metals and alloys 
which they use in their standards 
for aluminum, magnesium and 
zinc (Recommended Practice 
B275-55). 

In this system the full name of 
the base metal precedes the desig- 
nation, but.is omitted for brevity 
when the base metal being re- 
ferred to is obvious. 

Designations for alloys consist 
of not more than two letters rep- 
resenting the alloying elements 
specified in greatest amount, ar- 
ranged in order of decreasing 
percentages. If the elements occur 
in equal percentages, the arrange- 
ment is in alphabetical order. 
These letters are followed by the 
respective percentages rounded 
off to whole numbers. Finally, a 
serial letter is arbitrarily assigned, 
in alphabetical sequence, to differ- 
entiate between designations that 
would otherwise be identical. 

Below are the letters assigned 
to the various alloying elements. 


A—Aluminum M—Manga- 
B—Bismuth 


nese 

C—Copper N—Nickel 
D—Cadmium P—Lead 
E—Rare Q—Silver 

Earths R—Chromium 
F—Iron S—Silicon 
G—Magnesium T—Tin 
H—Thorium Y—Antimony 
K—Zireonium Z—dZinc 
L—Beryllium 


For example, ZG61A is an alu- 
minum alloy containing 6% zinc 
and 1% magnesium and is the 
first of a series of such alloys. 

The ASTM also has developed 
standard designations for coppers 
(B224-52). The designation con- 
sists of a group of two to four 
capital letters which, in general, 
are the initial letters of the de- 
scriptive name of the coppers. For 
example, electrolytic tough pitch 
copper is ETP. 
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Here is a comprehensive 
report on the properties, 
fabrication and uses of an 
important group of 

copper alloys. 


by J. L. Everhart, Technical Edi- 
tor, Materials in Design Engineering 


® The cupro-nickels have been 
used for many years in marine 
service but the increased avail- 
ability of nickel is reviving and 
stimulating interest in the appli- 
cation of these alloys to other 
fields. Composed essentially of 
copper and nickel, the group of 
commercial alloys ranges in nickel 
content from 2.5% to 30%; the 
alloys containing 30% and 10% 
nickel are most widely used. 

The outstanding attributes of 
the cupro-nickels are corrosion re- 
sistance, particularly their resist- 
ance to the corrosive and erosive 
effects of high velocity sea water, 
and strength at elevated tempera- 
tures. They are widely used in 
applications requiring exceptional 
corrosion resistance such as heat 
exchanger, condenser or evaporator 
service involving salt solutions. 
They are also used in applications 
involving contact with food prod- 
ucts. 


Wrought alloys 


Although essentially simple cop- 
per-nickel alloys, the commercial 
wrought alloys actually contain 
minor quantities of other ele- 
ments. Of these, the most impor- 
tant is iron which has been found 
to increase the resistance of the 
cupro-nickels to corrosion and 
erosion by salt water. In the 30% 
alloy (30% nickel), iron content 
is held to 0.7% max. In the 10% 
alloy, addition of about 1.3% iron 
improves resistance to salt water. 


Corrosion Resistance and Hot Strength 





Composition and properties 


rasce 1—-Wrought 
























































Commercial Designation = |Cupro-Nickel, 30%|Cupro-Nickel, 20°%|Cupro-Nickel, 10% 
Nearest ASTM Specifications = |B111-57,B122-55T,/B111-57, B122-55T| B111-57, B171-55 
B171-55 
NOMINAL COMPOSITION, % Cu 68.9, Ni 30, Cu Bal, Ni 21, Cu 88.35, Ni 10, 

Fe 0.5, Mn 0.6 Fe 0.5,Mn0.6 | Fe 1.25, Mn0.4 
PHYSICAL PROPERTIES 
Density, Ib/cu in.........0..00... 0.323 0.323 0.323 
Melting Range, F................ 2260-2140 2190-2100 2080-2020 
Ther Cond (68 F), 

Btu/hr/sq ft/°F/ft............ 17 21 26 
Coef of Ther Exp (68-572 F), per °F. 9.0 x 10-6 9.1 x 10-6 9.3 x 10-6 
Specific Heat, Btu/Ib/°F.......... 0.09 0.09 0.09 
Elec Resistivity (68 F), microhm-cm. 37 27 15 
Modulus of Elasticity in Tension, psi 22 x 108 20 x 10° 18 x 108 
Modulus of Rigidity, psi.......... 8.3 x 108 7.5 x 106 6.8 x 108 

MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 

Annealed Strip*.............. 54-60 45-51 44 

Half Hard Strip................ 73 — _ 

I feb locks vexees ocd 80 _ _ 

Annealed Tube*............... 54-60 49 44 

Light Drawn Tube............. 75 80 60 
Yield Strength (0.5% ext), 1000 psi. 

Annealed Strip*......... icon 20-22 — 15 

Half Hard Strip 68 — 

Hard Strip... 73 “ : 

Annealed Tubes... 25 14 16 

Light Drawn Tube. . _ 75 57 
Elongation (2 in.), % 

Annealed Strip* 40-45 27 | 40 

Half Hard Strip.... 12 _ | — 

Hard Strip... 5 | — — 

Annealed Tube®. . 45 40 42 
Rockwell Hardness 

Annealed Strip*.... B37-50 _ B10 

Half Hard Strip ... B80 — — 

EE 65 sida eaann B85 — — 

Annealed Tube*............... B36-45 B25 | B15 

Light Drawn Tube............. B85 B81 B72 

sProperties of annealed materials vary with grain size. 
Tasie 2—Cast 
Commercial Designation =» 70-30 80-20 90-10 
NOMINAL COMPOSITION, % Ni 30, C 0.10, Ni 20, C 0.10, Ni 10, C 0.10, 
Mn 0.90, Si 0.50, | Mn 0.90, Si0.50, | Mn 1.20, Si 0.10, 
Fe 1.0, Cu bal Fe 1.0, Cu bal Fe 1.0, Cu bal 
MECHANICAL PROPERTIES (as cast) 
Tensile Strength, psi............. 65,000 60,000 45,000 
Yield Strength, psi.............. 30,000 25,000 20,000 
Elongation (in 2 in.), %.... 20 20 25 
Brinell Hardness............... — ~ 90 
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Cupro-nickel sheet is used for .. . 
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Scovill Mfg. Co. 
Bellows, produced from the 30% nickel alloy. These parts 
indicate the good formability of cupro-nickel sheet. 
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” Oeneer & Brass Research Assn. International Nickel Co. 
Suction pipe for a Navy transport, fabricated by Oil cooler for an automotive transmission, fabricated 
welding formed segments of Cupro-Nickel, 10% sheet. from the 30% nickel alloy. 
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since copper and nickel are 

tually soluble in each other, 
there is a gradual change in many 
of the physical properties of the 
alloys with increasing nickel con- 
tent. As shown in Table 1, melt- 
ing point and modulus of elasticity 
increase and thermal and electri- 
eal conductivities decrease. 

Mechanical properties are af- 
fected similarly. Hardness and 
tensile and yield strengths of the 
90% alloy are higher than those 
of the 10% alloy. Ductility, as 
measured by elongation, is also 
higher in the 30% alloy. 

Subnormal temperatures have 
no embrittling effect on the stand- 
ard wrought cupro-nickels. As 
shown in Table 3 (p 117), strength 
and ductility increase with falling 
temperature down to at least 
320 F. 

At elevated temperatures, the 
30% grade in the annealed condi- 
tion retains much of its short- 
time strength and ductility up to 
about 700 F. Above this tempera- 
ture, both decrease rather rapidly. 
Cold drawn material (see graph) 
also retains its strength to about 
the same temperature. With in- 
creasing temperature, however, 
the strengthening resulting from 
cold work is gradually lost and, at 
1200 F, cold drawn material has 
the same properties as annealed 
material. 

The creep properties of wrought 
cupro-nickels are among. the 
highest obtained in copper alloys. 
Table 4 gives representative creep 
strengths at several temperatures. 


Cast alloys 


Since it is impractical to harden 
castings by cold working, harden- 
ing elements such as iron, carbon, 
silicon, manganese, aluminum and 
tin are included in the composi- 
tion of cast alloys. (Some of these 
elements cannot be used _ in 
wrought alloys.) Iron, carbon, 
silicon and manganese are con- 
sidered essential in the cast alloys; 
aluminum and tin are employed 
for special purposes. Compositions 
and typical mechanical properties 
of the usual cast grades are given 
in Table 2. The limited data avail- 





tasLe 3— Low temperature 


Effect of temperature 














Yid Str Ten Elong | Red. of Izod 
Alloy Temp, F (0.2% ext), Str, (2 in.), | Area, Impact | 
1000 psi | 1000psi} % % | Value, ft-lb | 
70-30 Room 21.5 54.1 37 27 | 
(annealed) * 108 24.0 64.3 42 30 
220 27.4 71.9 4) 32 
320 30.9 83.7 52 34 
80-20 Room 27.7¢ | 51.5 26 78 77 | 
(annealed)» | —110 28.9¢ 61.6 29 76 79 
—170.. 29.2¢ | 66.1 28 75 84 ! 
- 290 32.5: 73.7 | 36 72 85 : 
aSource: Jenkins, Digges and Johnson. bSource: Colbeck and MacGillivray. | Jail 


c0.1% permanent set. 


TaBLe 4— Creep 





v 


Alloy Temper Temp, F 0.001% | 0.01% | 0.1% | 


Stress for Designated Creep 
Rate, 1000 psi 


Strain Per 1000 Hr 





70-30 | Annealed (0. 


grain size) TP 2 16.0 30.0 
80-20 | Annealed (0.025 mm | 300... >250 | - ia 
grain size) 500... wont 17.0 | >30.0 ||} 
90-10" | Annealed (0.025 mm | 300... od Gal ti i | 
grain size) 400... 16.0 30.0 ! 
500... 11.0 24.5 | 
90-10 | Cold Drawn (21%) | 300. 318 | >50.0 | 
40) 25.6 42.5 | 46.0 
500 16.7 28.5 | 36.0 


020 mm | 300 24.0 35.0 











aContaining 1.08% iron. 


Source: Port and Bla 
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able show that these grades have 
low and high temperature proper- 
ties similar to those of the corres- 
ponding wrought alloys. 
Cupro-nickels alloyed with 2 to 
10% tin are hard and corrosion 
resistant. These grades are heat 
treatable; considerable increase in 


Corrosion resistance 


Since copper and nickel are 
soluble in all proportions, the 
cupro-nickel alloys have a single 
phase structure and are not sub- 
ject to the selective attack that 
sometimes occurs in alloys having 
more than one phase. Iron, norm- 
ally present in commercial alloys, 
is within the solid solution range 
after commercial annealing and 
does not promote localized attack. 

Cupro-Nickel, 30% is outstand- 
ing in its resistance to general 
and impingement attack by clean 
sea water; at low water velocities 
it is subject to biofouling, but 
this effect can be avoided by using 
higher velocities. The iron con- 
tent of the 10% alloy makes it 
almost as resistant as the 30% 
alloy to sea water. The alloys also 
have excellent resistance to attack 
by fresh water, boiler feed water 
and steam. 

The cupro-nickels are resistant 
to attack by sulfuric acid, phos- 
phoric acid and the mild organic 
acids. They are attacked by nitric 
acid, chromic acid, hydrochloric 
acid and hydrobromic acid. 


ha-dness can be achieved by 
quenching from a relatively high 
temperature (1450 to 1650 F) 
and aging at about 700 F. Alumi- 
num can be added to cupro-nickels 
to increase the tensile and yield 
strengths, although careful foun- 
dry control is necessary to obtain 


In many environments, rate of 
corrosive attack depends upon 
composition. LaQue has illustrated 
this effect with caustic soda. 
Nickel is much superior to copper 
in resistance to attack by strong 
alkalis; as would be expected, 
therefore, increasing the nickel 
content of copper alloys reduces 
the rate of attack. For example, 
tests have shown that the rate of 
attack by 50% caustic soda on 
Cupro-Nickel, 10% is roughly 
twice that on Cupro-Nickel, 30%. 
Cupro-nickel has been used suc- 
cessfully in evaporator tubes for 
concentrating caustic soda _ to 
about 50% in applications where 
copper pick-up by the caustic was 
not detrimental to the product. 
Although the cupro-nickels can be 
used with higher concentrations, 
they are attacked quite severely 
by fused caustic. 

According to LaQue, the cupro- 
nickels are superior to other cop- 
per alloys in resistance to am- 
monia and ammoniacal compounds. 
They are said to have been used 
advantageously in handling steam 


Fabricating characteristics 


Here is a brief summary of the 
processing characteristics of the 
cupro-nickels (see also Table 5). 

Hot working—The hot working 
characteristics of cupro-nickels 
are good, and they can be rolled, 
extruded, formed or bent hot. 
However, their flowing qualities 
are rather poor and the alloys are 
not usually recommended for forg- 
ing. 

Cold working—The cupro-nickels 
have excellent cold working prop- 
erties and do not work harden 
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rapidly. They are suitable for the 
production of parts by deep draw- 
ing, stamping and spinning. These 
alloys can be annealed in the tem- 
perature range 1100 to 1500 F, 
the temperature depending on the 
alloy and the final properties de- 
sired. 

Casting — Production of pres- 
sure-tight castings from cupro- 
nickel requires melting under oxi- 
dizing conditions followed by de- 
oxidation with silicon, manganese 
and magnesium. Kihlgren has de- 


satisfactory results. For exam))e. 
an alloy containing 12% nickel 
and 1.5% aluminum, with norma) 
iron, silicon and manganese 
tents, has tensile strength in the 
range 85,000 to 95,000 psi, yield 
strength 60,000 to 70,000 psi, and 
elongation 7 to 13%. 


contaminated with low concentra- 
tions of ammonia in evaporators, 
and for handling ammoniacal solu- 
tions in other equipment. 

These alloys are resistant to the 
alkaline chlorides, sulfates, ni- 
trates and chromates, but are 
attacked by the cyanides and acid 
dichromates. They resist attack 
by ferrous sulfate and chloride, 
but are attacked by the corres- 
ponding ferric salts. 

Cupro-nickels are resistant to 
wet and dry chlorine, bromine and 
carbon dioxide, and to dry hydro- 
gen sulfide at ordinary tempera- 
tures. They are attacked by moist 
hydrogen sulfide. At elevated tem- 
peratures, the alloys are subject 
to rapid corrosion by hydrogen 
sulfide and other sulfur com- 
pounds. 

As in all work involving corro- 
sion, these remarks should be con- 
sidered only as a qualitative evalu- 
ation of the alloys under discus- 
sion. Before selecting an alloy for 
a specific service, tests should be 
made under service conditions. 


scribed the melting practice in 
detail. A pouring temperature as 
high as 2650 F can be used for 
thin wall castings. Pouring tem- 
perature must be at least as high 
as 2575 F for moderate to heavy 
sections; a temperature as low as 
2500 F has been used for heavy 
castings. 

Machining — The relative ma- 
chinability of copper alloys is in- 
dicated by comparison with free- 
cutting brass, the most readily 
machinable of the copper alloys. 
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Illinois Iron & Bolt Co. 
Fittings for an ice cream manufacturing machine. 


Cupro-nickel castings are used for... 


Illinois Iron & Bolt Co. 


Pump part for handling dairy products. 





Based on an arbitrary rating of 
100 for free-cutting brass, the 
cupro-nickels containing up _ to 
30% nickel have a machinability 
rating of 20 and are classed as 
dificult to machine. Tools, cool- 
ants and speeds used in machining 
the non-leaded coppers are satis- 
factory for machining cupro- 
nickel. 

Joining—The cupro-nickel alloys 
can be welded, brazed and sol- 
dered. Some indication of the 
suitability of the various processes 
can be obtained from Table 5. 

In welding with the inert-gas 
tungsten-are process or the inert- 
gas metal-are process, the shield- 
ing gas can be either helium or 
argon. The filler metal must be 
of the same analysis as the base 
metal. The cupro-nickels can also 
be welded by the various resist- 
ance processes. Since the oxides 
of these alloys are refractory, the 
surfaces must be carefully cleaned 


Applications 


Cupro-Nickel, 30% is the most 
widely used of this group of mate- 
rials. However, Cupro-Nickel, 10% 
which was developed to conserve 
nickel is more economical and can 






TABLE 5—FABRICATING PROPERTIES 

















Alloy » |Cupro-Nickel, 30% | Cupro-Nickel, 20% | Cupro-Nickel, 10% 
Cold Workability............ so 49 Raune Good Good Good 
ES Good Good Good 
Hot Working Temperature Range, F.... 1700-1900 1650-1850 1550-1750 
Annealing Temperature, F............ 1200-1500 1200-1500 1100-1500 
Machinability Rating (free-cutting brass 
_. >§s RRA Reps 20 20 20 
Joining Characteristics 
Soft Soldering............ eR Excellent Excellent Excellent 
Silver Alloy Brazing................ Excellent Excellent Excellent 
Oxyacetylene Welding.............. Fair Fair Fair 
Carbon Arc Welding................ Not recommended | Not recommended | Not recommended 
Gas Shielded Arc Welding........... Excellent Excellent Excellent 
Metal Arc Welding................. Excellent Excellent Good 
Resistance Welding........... ... Excellent Excellent Good 














before welding. Gas welding pro- 
cedures for the cupro-nickels are 
similar to those used in welding 
monel. 

Brazing can be done success- 
fully with standard silver alloy 
filler metals. A suitable flux is 
required to limit formation of 
nickel oxide. Stress relieving is 


be used for many applications. 
The 20% alloy has properties 
intermediate between these two; 
however, improvement over the 
10% alloy is not sufficient to 


desirable for brazed assemblies. 

The cupro-nickels can be sol- 
dered with the standard grades 
of solder. Generally 50 lead-50% 
tin solder serves for work to be 
used at moderate temperatures, 
and 95 tin-5% antimony for the 
higher temperatures. Acid fluxes 
give the best results. 


justify the additional cost, and 
service too severe for the 10% 
alloy generally requires use of the 
30% grade. The 2.5% _ nickel 
grade is a special alloy used only 
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TABLE 6—MAXIMUM ALLOWABLE DESIGN STRESSES FOR SEAMLESS TUBING 








| 150 200 | 250 300 | 350 | 400 


| 


Maximum Stress, 1000 psi, for Metal Temperatures Not Exceeding Those Indicated (F) 


450 | 500 550 | 600 650 ] 








Alloy Condition 
Cupro-Nickel, 30%.......| Annealed.......} 12.0 
Cupro-Nickel, 20%.......| Annealed....... 10.7 
Cupro-Nickel, 10%....... | Annealed....... 10.0 


11.6 | 11.3 | 11.0 | 108 | 106 | 103 


10.6 | 10.5 | 104 | 103 | 101 | 99 


10.0 | 981 95 | 93) 90) 87 


10.1 9.9 9.8 9.6 9.5 ] 
9.6 9.3 8.9 8.4 1.1 ] 
8.3 7.5 6.7 6.0 





Source: ASME Boiler and Pressure Vessel Code: Section VIII, Unfired Pressure Vessels. 


for projectile rotating bands. 
Tubing 

Tubing for service in heat ex- 
changers, condensers and evapo- 
rators is the major application of 
the cupro-nickels, their selection 
being based on resistance to cor- 
rosion and erosion, particularly 
in saline waters, and their reten- 
tion of strength at elevated tem- 
peratures. The cupro-nickels are 
suitable for the highest water 
velocities normally encountered in 
exhaust condensers. 

Although the cupro-nickels have 
only about one-third the thermal 
conductivity of Admiralty, under 
operating conditions both have 
practically the same effective heat 
transfer. (Thermal resistance of 
the tube walls accounts for only a 
small part of the temperature 
head necessary for flow of heat 
from vapor on one side to the 
cooling water on the other.) How- 
ever, 10% additional surface is 
sometimes provided by designers 
as a safety factor in using cupro- 
nickel in place of Admiralty. 

The 70-30 alloy is widely used 
for tubes, tube sheets and baffles 
in main condensers for fast tur- 
bine-operated ships such as naval 
vessels and ocean liners. The 90-10 
alloy is employed in auxiliary con- 
densers on ships. 

Corrosion in evaporators is usu- 
ally more of a problem in the 
vapor than in the liquid phase. 
Frequently there are traces of 
ammonia in steam plant vapors. 
Since the cupro-nickels are more 
resistant to low concentrations of 
ammonia than other copper alloys, 
they are frequently selected for 
evaporator service. 

As mentioned previously, the 
cupro-nickels retain their strength 
up to higher temperatures than 


most other copper alloys, and their 
creep rate is also lower. This 
thermal stability permits higher 
design stresses for elevated tem- 
perature service and is often the 
deciding factor in selecting these 
alloys. For example, cupro-nickel 
was selected as the tubing mate- 
rial in an evaporator for chem- 
ically treated water used as steam 
plant feed because of the require- 
ment that the 1-in. o.d., 18 BWG 
tubes operate at 700 F and a de- 
sign pressure of 150 psi. 

In the petroleum industry, the 
30% nickel alloy is used for heat 
exchangers and condensers in 
handling process liquors, vapors 
and cooling water that are corro- 
sive and at temperatures too high 
for other copper alloys. The 10% 
alloy is used for similar service 
in handling sulfur-free liquids in 
a number of tidewater refineries 
in which brackish water is used 
as the coolant. 

A different kind of application 
in which the corrosion resistance 
of cupro-nickel is useful is the 
tubes in an absorption refriger- 
ating machine that uses low pres- 
sure steam to chill water for air 
conditioning and process cooling. 
Other uses 

1. Marine service—In addition 
to their use in condensers, the 
cupro-nickels are used in many 
other marine applications because 
of their excellent resistance to sea 
water corrosion. Included are salt 
water lines, pumps, valves and 
valve seats, rudder parts, propeller 
shaft sleeves and trim. Although 
marine condenser water boxes are 
usually cast, the Navy fabricates 
them from sheet metal to save 
weight. 

2. Food processing—The good 
corrosion and abrasion resistance 
of the cupro-nickels lead to use in 
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food processing plants for juice 
extractors, shredders, mixers, fil- 
ters and presses. The alloys are 
also used in creamery and dairy 
equipment, soda fountain and 
restaurant fixtures. 

3. Paper making—Centrifugally 
cast cupro-nickel is used for per- 
forated rolls on Fourdrinier pa- 
permaking machines. Resistance 
to corrosion is about the same as 
that of the phosphor bronze usu- 
ally used but the cupro-nickel has 
the advantage of additional stiff- 
ness resulting from its higher 
modulus of elasticity. 

4. The cupro-nickels are also 
used in the production of bolts, 
bellows, industrial pickle baskets, 
ferrules and coin blanks. The 
U.S. five cent piece, commonly 
called the nickel, is made of a 
cupro-nickel alloy. 
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Engineered 
ceramic parts 
like these... 


| 
Coors Porcelain Co. | 
J 


... are more important today than ever before. 
Here is a survey of the entire field of ceramics 
giving detailed information on properties, state of development, 
and new uses of these new and improved materials: | 


Electrical ceramics High temperature ceramics | 
and cermets | 








e Electrical insulating 
materials © Oxides © Carbides | 
e Ferromagnetics e Borides e Nitrides | 
e Ferroelectrics e Silicides © Aluminides 
e Semiconductors Nuclear ceramics | 
Mechanical ceramics © Fuels ¢ Moderators | 
© Alumina e Shielding materials 
© Polycrystalline glass e Structural materials 
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Saxonburg Ceramics 
Steatite, still the most widely used low loss, high frequency ceramic, is used for such things as resistor cores, capaci- 
tor sleeves, and thermocouple ball and socket beads. 


American Lava Corp. Centralab 


Alumina parts, shown with ceramic-metal seals, are being used in an increasing number of electrical applications. 


Barium titanates of various compositions are the most important piezo- Ferrite materials are used for a variety 


electric materials for use in transducers. of core applications, 
Gulton Industries, Ine. General Ceramics Corp. 











1. Ceramics for 


Many of the older so-called 
“classical’’ ceramics such as elec- 
trical porcelains, though they are 
still widely used for electrical in- 
sulation, will not be discussed 
here. The majority of the new 
developments in electrical ceram- 
ics lie in specialized fields of use. 
Electrical insulating ceramics 

Table 1 shows typical properties 
of some of the more important 
ceramic insulating materials other 
than electrical porcelains. Steatite 
(principal phase is MgO « SiO,) 
continues to be the most widely 
used high frequency ceramic insu- 
lating material. It has excellent 
mechanical properties and can be 
fabricated readily to close toler- 
ances; relatively poor thermal 
shock resistance limits its use 
somewhat. Forsterite (2MgO + 
SiO,) has lower loss factors at 
high frequencies than steatite, but 
it also has poor thermal shock re- 
sistance. Dense cordierite (2MgO 
+ 2Al1,0, * 5Si0,) has good ther- 
mal shock resistance, but rela- 
tively poor dielectric properties. 
Porous cordierite bodies are used 
primarily as refractories. 

Zircon (ZrO, * SiO,) has rela- 
tively good thermal shock resist- 
ance and good physical properties, 
but is difficult to fabricate because 
of its high hardness. Magnesia 
(MgO), though it has a high melt- 
ing point and good dielectric prop- 
erties, is difficult to fabricate. 
Single crystal quartz (SiO,) and 
very pure fused silica (quartz 
glass) have very low loss factors, 
but size limitations and impurity 
problems present drawbacks to 
volume use at present. 

High alumina (A],0,) ceramics 
have extremely good dielectric 
characteristics at both high and 
low frequencies and high and low 
temperatures. They also have ex- 
cellent mechanical properties and 
stability at elevated temperatures. 
From their early use as spark 
plug insulators they have continu- 
ally grown in importance and are 
used in an increasing number of 
electrical and electronic applica- 
tions. Alumina ceramics are dis- 


cussed in more detail in the sec- 
tion on Ceramics for Mechanical 
Applications (see p 127). 

New materials with novel prop- 
erties—The lowest loss ceramic 
developed to date is a lead-fluxed 
wollastonite (CaO + SiO.) type 
material which is vitrified to zero 
water absorption at 2150 F. It has 
dielectric characteristics better 
than those of Grade L-6 ceramics 
(see Table 2). 

Near zero or negative thermal 
expansion characteristics can be 
provided by several ceramic com- 
positions in the lithia-alumina- 
silica system. Compositional bound- 
aries of the materials possessing 
this characteristic are 3 to 16% 
lithia, 10 to 52% alumina and 38 
to 82% silica. A zero or near zero 
coefficient (over a temperature 
range of 77 to 1100 F) can be 
obtained in certain compositions 
to provide excellent thermal shock 
resistance. 


electrical and electronic uses 


Some ceramic materials can pro- 
vide relatively high expansion 
characteristics, such as forsterite 
(5.8x10-*), magnesia (7.1 x 10-*), 
and lithium titanate (10.8 x 10-*). 
These materials provide these ex- 
pansivities over the temperature 
range of 77 to 1290 F. Though 
such high coefficients provide very 
poor thermal shock resistance, 
they are useful in applications 
such as in compression seals. 

Although most ceramics have 
low thermal conductivity (below 
5 Btu/hr/sq ft/°F/ft at 140 F), 
materials are now available with 
conductivity values similar to 
those of metals. As compared 
with values for aluminum and 
copper of 118 and 218 Btu/hr/sq 
ft/°F/ft, respectively, dense, high 
beryllia (BeO) ceramics provide 
conductivity values ranging from 
125 to 28.5, depending on the type 
and amount of flux used. Dense 
high magnesia bodies have values 











Scope of This Manual 


The last manual on ceramics 
(“Ceramics for Engineering Ap- 
Plications,’’?’ MATERIALS & 
METHops, Sept ’50) covered the 
older, so-called “classical” ce- 
ramic materials. This manual 
outlines the most important re- 
cent developments in ceramic 
materials. Because of the exten- 
sive nature of these develop- 
ments and the space limitations 
of this manual, only the most 
important materials develop- 
ments are covered in detail. In 
some cases, however, brevity can 
be attributed to the newness of 
the materials and the consequent 
lack of further information. 

Recent developments in ce- 
ramic materials have been pri- 
marily aimed at extending the 
property ranges of the materials 
to meet new design requirements, 
Improvements attained to date 
have been accomplished mainly 
by 1) modification of the con- 
stituents and improvements in 
the quality of existing ceramic 
materials, and 2) development 


of entirely new materials. 

The first approach is probably 
best exemplified by improve- 
ments in alumina-type ceramic 
materials. These improvements, 
taking the form of closer control 
over quality and particle size of 
raw materials and closer con- 
trol over processing, have ac- 
counted for many of the newer 
uses of alumina ceramics. The 
new materials approach to ex- 
tending the design possibilities 
of ceramics is exemplified by 
such developments as_ poly- 
crystalline glasses, intermetallic 
semiconducting compounds, and 
the new refractory ceramics. 

This manual is organized by 
the general type of end service 
for which each type of ceramic 
is best suited. Of course, many 
ceramics are suitable for more 
than one type of service; in 
these cases references in each 
pertinent section indicate where 
the material is discussed in fur- 
ther detail. 
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TABLE 1—TYPICAL PROPERTIES OF SOME CERAMIC INSULATING MATERIALS 














Steatite Forsterite Dense Cordierite Zircon 
Grade* » (MgO + Si02) |(2MgO « Si0.)) (2MgO « 2Al,0; « 5Si0.) | (ZrO. SiO.) 
L5A L6B | L2A L4A 
PHYSICAL PROPERTIES 
Water Absorption, %..... 0-0.02 0-0.02 0-0.02 0-0.02 
Specific Gravity.......... 2.65 2.90 2.65 3.68 
Softening Temperature, F. 2600 2600 — 2800 
Max Cont Svc Temp, F... 1800 1800 2200 2100 
Coef of Ther Exp, per °F 
SRS 4.2 x 10-6 _ 1.8 x 10-6 2.2 x 10-6 
re 44x 10 5.8 x 10-6 2.1 x 10-6 2.4 x 10-6 
PO inasksiscvsces 4.6 x 10-6 5.9 x 10-6 2.3 x 10-6 2.6 x 10-6 
Ther Cond (212 F), 
Btu/hr/sq ft/°F/ft..... 1.69 1.94 2.42 3.15 
MECHANICAL PROPERTIES 
Flexural Strength, psi....} 20,000 20,000 18,500 26,000 
Tensile Strength, psi..... 10,000 10,000 9,500 12,000 
Compressive Strength, psi.| 85,000 85,000 90,000 95,000 
Impact Strength (Charpy), 
Se sckacsdiveoescuee 4.6 4.0 44. 5.6 
ELECTRICAL PROPERTIES 
Dielectric Strength, v/mil. 240 240 230 230 
Dielectric Constant 
aa 6.1 6.2 6.2 8.8 
BN i Ns gece ase 6.0 6.1 — 8.6 
Power Factor 
er 0.0013 0.0004 0.0093 0.0010 
Es caecneooave 0.0010 0.0003 — 0.0012 
Loss Factor 
NGS chav eeteswn 0.007 0.002 0.0579 0.009 
ESR 0.005 0.002 _— 0.010 
. § Por cal 1500 >1832 — 1590 














Properties of 
some electrical 
ceramics 


TABLE 2—CLASS L CERAMICS 
(MIL Spec JAN-1-10) 








Grade Loss Factor 
SY RE are reer 0.150 
ta ales ashes: ck eee 0.070 
Se ren ere e 0.035 
ERE A ee er 0.016 
ES Pee eee heer 0.008 
watt cd-vecundescke abeke ... 0,004 





aMIL Spec JAN-I-10. 








ranging from 22.4 to 14.0. Dense 
pure oxide ceramics, in order of 
decreasing thermal conductivity, 
rate as follows: BeO, MgO, stan- 


nic oxide (SnO,), zine oxide 
(ZnO), alumina, cupric oxide 
(CuO), thoria (ThO,), ceria 
(CeO,), calcia (CaO), titania 


(TiO,) and lead oxide (PbO). 
Two types of ceramics possess 
zero shrinkage, which greatly 
simplifies fabrication to accurate 
dimensions. These are 1) a lead bi- 
silicate-fluxed spodumene (Li,O + 
Al,O, - 4SiO,), and 2) acrystalline 
lead alumino-silicate, which is a 
Grade L-5 material with a self- 
glazing mechanism. The glaze, 
which forms during firing, is 
highly resistant to water and thus 
provides high resistivity under 
extremely humid conditions. 
Recently a family of polycrystal- 
line glass materials called Pyro- 
ceram has been developed. The 
materials have excellent dielectric 
characteristics; high frequency 
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characteristics of one type (Code 
9605) are reportedly comparable 
to those of the best electrical 
ceramics. The materials can be 
formed by any of the conventional 
glass forming techniques, and 
they have high strength-to-weight 
characteristics. The materials are 
discussed in detail in the section 
on Ceramics for Mechanical Ap- 
plications, and properties are 
given in Table 7 (p 130). 

Ferromagnetic ceramics 

The term “ferrite” has been 
used to describe a variety of iron 
oxide compounds which are ferro- 
magnetic spinels. When an elec- 
trical field is applied to these ma- 
terials a magnetic response is 
obtained. 

A number of new ferromagnetic 
ceramics have been developed with 
unique magnetic properties and 
high internal resistance. The 
combination of high permeability 
with low loss in these materials 


can not be had in other materials. 


ENGINEERING 


Most of the early development 
work involved “soft” ferrite sys- 
tems such as MnO-ZnO-Fe,0., 
NiO-ZnO-Fe,O, and NiO-Cu0- 
ZnO-Fe,0,. Such ferrites have 
been used in radio antennas, filter 
and adjustable inductors, deflec- 
tion yokes, recording heads and 
wide band transformers. Magnetic 
properties of several proprietary 
ferrites are shown in Table 3. 

Ferrites are made from ferric 
oxides and varying amounts of 
one or more bivalent metallic 
oxides, hydroxides or carbonates, 
such as those formed with zinc, 
manganese, nickel, cobalt, mag- 
nesium and copper. The spinel- 
type ferrite develops its structure 
by solid state reaction during 
firing. Organic additives are fre- 
quently used to assist in fabrica- 
tion. Particle size distribution, 
forming pressures and shrinkage 
characteristics affect properties of 
the ferrite. Firing is probably the 
most critical operation in obtain- 
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TABLE 3—MAGNETIC PROPERTIES OF SOME COMMERCIAL FERROMAGNETIC CERAMICS: 
Soft Ferrites Rectangular Loop Ferrites 

H | He 0-1 | 0-2 Q S-4 $-5 
initial Permeability (1 mc/sec)... 850 550 800 1100 125 38 43 
Max Permeability®............... 4300 3800 4250 | 3100 400 920 2600 
Saturation Flux Density (B,), gauss” 3400 2800 4250 | 4500 3300 1860 2100 
Residual Magnetism, gauss»....... 1470 1500 1600 1600 1800 — _— 
Coercive Force, oersted>.......... 0.18 0.35 0.24 0.30 2.1 1.3 0.64 
Temp Coef of Initial Perm, %/°F.. 0.37 0.44 0.33 0.33 0.06 max _ ~— 
ok Ee er rer 300 255 375 375 660 a —_ 
Volume Resistivity, ohm-cm....... Medium Medium Low Low High — — 
Loss Factor (1/M.Q) 

0 ee 0.00030 0.0004 _ — 0.000020 _ — 
RS hbase scessiccaaseas 0.00155 0.0010 0.000015¢ 0.000011¢ 0.000050 — _ 
Retentivity (B,), gauss............ aa _- —_ _ 1630 1950 
FEE Seer re -- _ _ -~ — 0.88 0.93 























aMaterials are proprietary—trademarked Ferramic. 


bMeasurements made on d.c. ballistic galvanometer; 


cAt 50 ke per sec. 
Source: General Ceramics Corp. 


TABLE 4—REPRESENTATIVE SEMICONDUCTORS—PROPERTIES AND APPLICATIONS 


Hmax = 25 oersteds for soft materials; Hmax = 5 oersteds for rectangular loop materials. 











Mobility (at 300 K), 
Band cm/v-sec 
Material Separation Application 
(at 300 K), ev 

Electrons | Holes | Melting Point, F 
eS i ods st akessnantandene se 0.72 3600 1900 wd ; 
Gallium Antimonide (GaSb)...................06. 0.6 3000 | 1000 Rectifiers, transistors 
ES, i cacbdenktdchdesea 1.12 “2000 | ~ 500 
Indium Phosphide (InP)....................00065 1.27 4000» 650 x 
Gallium Arsenide (GaAs).....................005. 1.34 5000» 300 #4 High temperature rectifiers and transistors; 
Cadmium Telluride (CdTe)....................... 1.45 ~ 1000 100» 1913 solar batteries; infrared optics; photocells 
Aluminum Antimonide (AISb)................... 1.6 400> 400 1922: 
Cadmium Sulfide (CdS)*....................0008. 2.4 250 — a” 
a cic sckdanudeeendhosvesars 0.72 3600 1900 ie 
Mercury Telluride (HgTe)*................0..000- ~ 0.06 ~ 17,000 sa = Infrared detectors; filters 
Indium Antimonide (InSb)....................05. 0.16 75,000 800 Magnetoresistance devices; Hall effect de- 
Indium Arsenide (InAS).................0000000. 0.33 40,000 | 600° vices; thermistors ves 
i bi. ccc cd eusabadannebeutee 0.3 2000 1100 
IN << <0s nascencsdaseeascacnas 0.26 1200 600 nfrared detectors 
es css ccecksaunehesacens 0.4 800 400 
Bismuth Telluride (Bi.Te,)*.................00.. 0.16 570° 400» Thermoelectric devices 
Cadmium Antimonide (CdSb)*.................... 0.5 _ 400> 































2One compound of a family of two or more related compounds. 


bMinimum value. 
Source: Willardson, R. K., and Shilliday, T, S., “‘The New Semiconductor Materials,” MATERIALS IN DESIGN ENGINEERING, Mar ’58, p 114. 










































ing desired properties; careful 
control over the time-temperature 
cycle is mandatory. 

Rectangular loop ferrites—Fer- 
rite materials with square or 
rectangular hysteresis loops have 
been developed more recently. Rec- 
tangular loop ferrites have two 
stable states of magnetization. 
Table 3 shows magnetic properties 


of two such commercial ferrites. 
Square or rectangular hysteresis 
loops with sharply marked corners 
can be produced with certain com- 
positions of the MgO-MnO-Fe,O, 
system. The best compositional 
range in this latter system seems 
to be between 40 and 45% (mo- 
iron oxide; with these 
limits on the iron oxide the other 


lecular) 


components can be varied consid- 


erably. 


Rectangular loop ferrites are 
used as storage cells in magnetic 
memory systems, and in a number | 
of other applications, | 
switching, and automatic controls . 
for processing and production 
equipment. Memory elements pro- 
duced from these ferrites are 






including 
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generally very small toroids. A 
newer concept in memory devices 
consists of the use of a ferrite 
plate in which small holes have 
been drilled. The drilled plate 
replaces the conventional core- 
type construction. 

Microwave ferrites—One of the 
most recent developments in ferro- 
electric ceramics is the microwave 
ferrite. In such bodies the critical 
properties are the Faraday rota- 
tion effect and the ferromagnetic 
resonance absorption. These ma- 
terials are useful wherever car- 
rier waves are in the microwave 
frequency range. They provide 
flexible methods of controlling rf 
energy and nonreciprocal compo- 
nents. 


Permanent magnet ferrites— 
Ceramic permanent magnets have 
a hexagonal rather than a spinel 
structure; however, they are 
similar to ferromagnetic spinels 
in properties. They also are called 
ferrites. The barium ferrites 
(BaO + 6Fe,0;) and lead ferrites 
(Pb * 6Fe,0,) are probably the 
most prominent commercially. A 
cermet of cobalt-bonded cobalt 
oxide is said to provide a true 
permanent magnet. 


The hard or permanent barium 
ferrite is made from a precalcined 
mixture of barium carbonate 
(BaCO,) and iron oxide (Fe.0O,), 
which is milled to a controlled 
particle size distribution with 
crystallites as near domain size 
as possible. It is then fired in an 
oxidizing atmosphere. 


Ferroelectric ceramics 

A ferroelectric material is one 
that exhibits a spontaneous elec- 
tric dipole moment. (Ferroelec- 
tricity, in general, is the analogue 
of ferromagnetism; thus the pre- 
fix “ferro”.) Though high dielec- 
tric constants (one of the major 
indications of ferroelectric be- 
havior in a material) have been 
available in a number of ceramic 
titanates, some of the new ferro- 
electrical materials now available 
have increased stability at high 
temperatures. 

The most important of the ferro- 
electric ceramics are barium tita- 
naie (BaO - TiO,), lead titanate 
(PbO «+ TiO,), strontium titanate 


(SrO - TiO,), lead niobate (2PbO - 
Nb,O;) and combinations of lead 
zirconate (PbO « ZrO.) and lead 
titanate. Barium titanate, in com- 
bination with other titanates, 
zirconates, stannates and titania, 
are supplied industrially as disks, 
tubes and sheets for capacitors. 

Ferroelectric ceramics are used 
mainly for capacitors and trans- 
ducers. Two types of capacitors 
are produced from this type of 
ceramic: the T.C. (temperature 
compensating) type and_ the 
G.M.V. (guaranteed minimum 
value) type. 

The T.C. type is used singly or 
in combination in circuits to com- 
pensate for temperature-caused 
variations in such characteristics 
as resistance, inductance and tube 
output. It is supplied with nega- 
tive, zero or positive temperature 
coefficients of capacitance. The 
negative and zero types have di- 
electric constants in the range of 
15 to 40. The positive temperature 
coefficient type is supplied with 
temperature coefficients ranging 
from just above zero to several 
thousand parts per million per °F 
in the 50 to 230 F temperature 
range. 


The G.M.V. type is used princi- 
pally as a by-pass capacitor. As 
the name implies, it guarantees a 
given minimum value of capaci- 
tance over a specified temperature 
range. It is supplied commercially 
with dielectric constants up to 
10,000. 


Ferroelectric ceramics with nar- 
row hysteresis loops are also used 
in dielectric amplifiers, frequency 
doublers, variable filters, modu- 
lators, and temperature controls 
and indicators. Ferroelectrics with 
square hysteresis loops are used 
in memory elements in high speed 
electronic computers and in some 
types of automatic control devices. 


Antiferroelectric ceramics— 
Antiferroelectric ceramics are ma- 
terials in which, though they are 
spontaneously polarized, the neigh- 
boring lines of ions are polarized 
in antiparallel directions, result- 
ing in a net dipole moment of 
zero. The most important anti- 
ferroelectric ceramics are lead 
zirconate and some combinations 
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of lead zirconate and lead titanate. 
These antiferroelectrics can also 
be made ferroelectric over a nar. 
row temperature range below tl 
Curie temperature. 

Piezoelectric ceramics—All fer- 
roelectric ceramics are piezoelec- 
tric, i.e., they can transform me- 
chanical energy to electrical en- 
ergy and vice versa. When a 
potential is applied to such a ma- 
terial it will increase in size along 
certain axes and contract along 
others, depending on the polariza- 
tion axis. Conversely, when a me- 
chanical stress is applied to the 
material an electric potential is 
produced. This characteristic dis- 
appears at temperatures above the 
Curie temperature of the material, 
since at such temperatures the 
material is neither ferroelectric 
nor piezoelectric. 

Barium titanate is the principal 
ceramic piezoelectric. However, it 
is limited to relatively low tem- 
perature service since its Curie 
temperature is 250 F. Where 
higher temperature service is to 
be encountered several lead oxide- 
base ceramics can be used. They 
are stable, provide uniform re- 
sponses over a wider temperature 
range than barium titanate, and 
have excellent mechanical proper- 
ties. A typical composition is a 
45 lead titanate-55% lead zirco- 
nate which has a Curie tempera- 
ture of about 645 F. It has a 
voltage coefficient more than twice 
that of barium titanate, but its 
piezoelectric charge output coeffi- 
cient is comparable. 

The high voltage coefficient 
makes the lead titanate-lead zirco- 
nate particularly useful for appli- 
cations requiring conversion of 
mechanical stress to electrical 
energy. The addition of lead and 
tin oxides to this composition, on 
the other hand, provides very high 
piezoelectric charge output coeffi- 
cients. Such a material is par- 
ticularly useful in applications 
requiring conversion of electrical 
energy to mechanical stress, e.g., 
drivers in ultrasonic devices. 

Piezoelectric ceramics are widely 
used in accelerometers, phono- 
graph pickups, microphones, ultra- 
sonic grinding and cleaning de- 
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vices, and underwater signalling 
equipment. 
Semiconducting ceramics 

4 variety of combinations of 
properties is available in ceramic 
semiconductors. The conventional 
types, finding use in all types of 
electronic equipment, have low 
temperature coefficients, low volt- 
age coefficients and normal dissi- 
pation capacities. Other types 
have combinations of low (posi- 
tive) to high (negative) tempera- 
ture coefficients, nearly zero to 
extremely high voltage coefficients, 
and normal to exceptional dissi- 
pation capabilities. 

Silicon carbide is probably the 
most widely used ceramic semi- 
conductor, its principal use being 
as a heat source. Heating elements 
made of silicon carbide have been 
used in resistance type furnaces 
and kilns operating at tempera- 
tures up to 2800 F. Such elements 
conduct electricity at room as well 
as elevated temperatures. 

Sintered mixtures of metallic 
oxides such as manganese, cobalt, 
nickel, iron and copper, when 
vitrified, are used as semiconduc- 
tors in thermistors for electro- 
mechanical instrumentation and 
electronic circuitry. These mate- 
rials generally have a high nega- 
tive temperature coefficient of re- 
sistance (i.e., resistivity varies 


2. Ceramics for 


Ceramic materials used for me- 
chanical applications under high 
temperature conditions are dis- 
cussed in the section on Ceramics 
for High Temperature Use (p 
131). The substantial improve- 
ments in mechanical properties of 
ceramics at room temperature 
have resulted in many new appli- 
cations where heat resistance is 
nota primary consideration. Prob- 
ably the materials of most com- 
mercial interest are alumina and 
polycrystalline glasses. Since most 
of the newer applications for cer- 
mets involve high temperature 
service they are discussed only in 
the section on Ceramics for High 
Temperature Uses. 

The following sections summa- 


inversely with temperature), and 
are extremely sensitive to tem- 
perature changes. Thermistors 
made from these materials are of 
several types, depending on the 
application. They may be supplied 
uncoated or coated with organic 
material for service at tempera- 
tures up to 300 F; or they may be 
glass coated and mounted in 
evacuated or gas filled envelopes 
for service up to 930 F. 

Thermistor materials with large 
positive temperature coefficients 
have been developed recently. In 
general they consist of barium 
titanate or barium strontium tita- 
nate, to which small amounts of 
lanthanum have been added. Bis- 
muth, thorium and rare earths 
are also used as additive mate- 
rials. One such material is re- 
ported to have a positive tempera- 
ture coefficient over a temperature 
range of about —58 to 230 F, the 
coefficient being as high as 5% 
per °F. Another composition has 
a maximum positive temperature 
coefficient of 8% per °F from 
about 120 to 490 F. 

Thermistors for use at ex- 
tremely high temperatures (1000 
to 2000 F) are said to be pro- 
ducible from a variety of compo- 
sitions in the potassium alumino- 
silicate system. Certain alkali 
alumino-silicates maintain their 


rize the most important develop- 
ments in 1) improving mechanical 
properties of ceramics, 2) newer 
materials, and 3) some of the 
newer areas of applications. 
Improved properties 
Hardness—The general range 
of hardness offered by ceramic 
materials is shown in Table 5 in 
comparison with that of hardened 
tool steel. The hardest ceramic is 
the recently synthesized cubic 
boron nitride (BN, Borazon). 
Cubic boron nitride and diamond 
are about equal in hardness, dia- 
mond scratching boron nitride 
under certain conditions, and 
boron nitride scratching diamond 
under others. The major benefit 
offered by cubic boron nitride is 





resistivity-temperature calibration 
at temperatures up to 1800 F and 
are unaffected by oxidizing or 
reducing atmospheres. 

New intermetallic semiconduc- 
tors—Many intermetallic semicon- 
ducting compounds are now being 
studied and seem to hold great 
promise. Table 4 lists representa- 
tive materials of this type with 
their properties and potential ap- 
plications. Silicon and germanium 
metals are listed for purpose of 
comparison. 

Only three of the materials 
listed are available commercially 
in this country. They are: bis- 
muth telluride, indium antimonide 
and lead telluride. The rest are 
to be found only in research lab- 
oratories or on special order from 
companies which use the materials 
in their own production. 

In addition to use in heat sensi- 
tive resistance elements such as 
thermistors, these compounds are 
expected to find use in 1) recti- 
fiers and transistors operable at 
high temperatures, 2) galvano- 
magnetic devices such as computer 
elements, electronic compasses, 
amplifiers and microphones, 3) 
optical devices such as infrared 
detection systems and solar bat- 
teries, and 4) thermoelectric de- 
vices for power generation or 
refrigeration. 


mechanical applications 


its resistance to temperatures over 
3500 F; diamond burns at about 
1600 F. 

Developmental work indicates 
that in the near future a number 
of new ceramics will be developed 
in the Knoop hardness range of 
2500 to 7000. These materials 
should find mechanical applica- 
tions where hardness and wear 
resistance are required. 

Strength—Many recently devel- 
oped ceramic materials are much 
stronger than the older, classical 
ceramics. Compressive strengths 
as high as 500,000 psi have been 
reported for dense, high alumina 
ceramics. A compressive strength 
of 600,000 psi is reported for a 
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High temperature springs «are one of the newest applications for high alu- 


mina ceramics. 


fg. 


Alite Div., U. S. Stoneware Co. 


Anti-friction components such as bearings and seals have successfully been 


made of alumina. 


composition consisting of 31% ti- 
tanium boride and 69% (by 
weight) boron carbide. These 
values compare with compressive 
strength values of about 50,000 
psi for a standard high voltage 
electrical porcelain and about 
100,000 psi for steatite and zircon 
porcelains. 

Retention of strength at ele- 
vated temperatures is also im- 
proved in the newer ceramics. For 


example, chromium boride (CrB) 
retains a flexural strength of 
88,000 psi from room temperature 
to 1700 F ; zirconium boride (ZrB, ) 
maintains a flexural strength of 
90,000 psi up to 1700 F, and 
55,000 psi at 2200 F; and the 31 
titanium boride-69% boron car- 
bide composition mentioned above, 
at 2200 F, retains 55,000 psi of 
its 90,000-psi room temperature 
flexural strength. 


Dishes, bowls and pipe are some of the potential applications for the new 
polycrystalline glasses (Pyroceram). Design possibilities are shown by these 


shapes which have been blown, pressed, extruded and investment cast. 
Corning Glass Works 

















Ductility—Though ceramics are 
generally poor under impact load- 
ing, many of the newer types of 
materials, such as certain alumina 
bodies, have been substantially 
improved in impact strength. Also, 
some ceramic materials may be- 
come less brittle and develop plas- 
tic properties at higher tempera- 
tures. At temperatures higher 
than 1850 F there are indications 
of increasing plasticity in a glass- 
free, polycrystalline alumina ce- 
ramic. This phenomenon is be- 
lieved to be due to slipping at the 
grain boundary. Plasticity in 
single crystal alumina probably 
develops at still higher tempera- 
tures. 

A recent research report indi- 
cates that some ceramic materials 
(e.g., cubic ionic crystals such as 
potassium bromide, cesium bro- 
mide, potassium chloride and lith- 
ium fluoride, and refractory mate- 
rials such as magnesia) can be 
made ductile at room temperature, 
Results to date have been encour- 
aging, and there is a good possi- 
bility that some polycrystalline 
ceramic materials that are ductile 
will be forthcoming. 

Special treatments—Tempering, 
a process long used for strength- 
ening glass, has been found to 
substantially improve strengths of 
certain polycrystalline ceramics. 
This type of treatment was not 
possible with older, classical ce- 
ramics because of their non-re- 
acted quartz content, which re- 
quired that the ceramic body be 
cooled slowly past the 1063 F 
quartz inversion temperature. 
(Rapid cooling past this tempera- 
ture causes a rapid volume change 
which results in cracking of the 
body. ) 

Some of the new oxide porce- 
lains with uniform thermal ex- 
pansion or contraction character- 
istics can be rapidly quenched 
from high temperatures to induce 
compressive surface stresses, thus 
improving the strength of the 
body. The strength of dense, 95% 
alumina ceramic has been more 
than doubled by cooling the body 
rapidly from about 2500 F, and 
impact strength has been in- 
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e Automotive and aircraft spark plugs. 


Uses for Alumina Ceramics—A Partial List 


e Internal spacers for vacuum tubes (porous alu- 


e Boats, slabs, crucibles and fixtures for brazing, mina). 
sintering, melting and heat treating applications. @ Nozzles, such as flow, shielding, blasting, spray- 
Cutting tools. drying. 


and kiln furniture, 
e Gages, both thread and plug. 
e Guides for wire and thread. 


e Insulators, e.g., coil forms, bushings, bases, cores, 


shafts and housings. 


Dies for extrusion and injection molding. 
Envelopes for high frequency, power vacuum tubes. 
Furnace and burner parts, tubes, nozzles, muffles, 


Pebble mill grinding media. 
Pebbles for heat exchangers. 
Pump parts, e.g., plungers, casings, sleeve bear- 


ings, pressure seats and wear plates. 


types. 


Rotating seal faces. 
Thermocouple protection tubes. 
Valve components such as seats for ball and check 





creased more than 20%. 

Prestressing ceramics can, in 
some cases, substantially improve 
strength values, The prestressing 
operation is similar to the more 
highly developed technique used 
so successfully with concrete. 
Some oxide ceramics, after pre- 
stressing, improve in high tem- 
perature strength as well as room 
temperature compressive strength. 
Alumina 

Improvements in aluminum ox- 
ide ceramics have been brought 
about mainly by better control 
over the material itself (e.g., 
higher purity of raw material), 
and improvements in processing 
variables, such as modifications of 
forming techniques to provide 
denser, void-free bodies. 

Typical properties of dense alu- 
mina ceramics, of various alumina 
contents, are shown in Table 6. 
In general, alumina ceramics are 
very hard and refractory, with 
excellent electrical properties, 
high mechanical strength, perma- 
nent dimensional stability and 
chemical inertness. Knoop hard- 
ness of alumina ceramics ranges 
from 1400 to 2000 (see Table 5). 
Strength, dielectric characteris- 
tics, thermal properties and degree 
of refractoriness generally im- 
prove with increasing alpha alu- 
mina (corundum) content. High 
alumina ceramics available today 
range from about 75 to nearly 
100% alumina. 

High purity alumina ceramics, 
with alpha alumina contents as 
high as 99.9--% can be used at 
temperatures up to 3500 F, are 


extremely inert, and have excel- 
lent resistance to reducing atmos- 
pheres. Single crystals of pure 
alumina (sapphire and ruby), 
made by flame fusion, are avail- 
able in various forms. 

Difficulties in fabricating the 
extremely high alumina ceramics 
have resulted in extensive work 
on various forming techniques, 
such as extrusion, hot pressing, 
injection molding, slip casting and 
isostatic pressing. Isostatic press- 
ing is particularly beneficial in 
providing a uniform, dense, void- 
free structure. Improvements in 
control of forming operations have 
been achieved by use of such tech- 
niques as presintered composi- 
tions; additives to provide plasti- 
cizing, binding or lubricating 
qualities; and optimum particle 
size distribution to reduce void 
content and attain as near theoret- 
ical density as possible. 

Low alumina ceramics are use- 
ful for applications where the 
maximum properties provided by 
high alumina content are not 
mandatory. Lower alumina ce- 
ramics are generally easier to 
fabricate and can be vitrified at 
appreciably lower temperatures 
(2800 to 3000 F) than high alu- 
mina bodies. 

Alpha alumina is also used as 
an additive to improve specific 
properties of classical ceramics. 
For example, where thermal shock 
resistance is required alumina can 
be used to replace the quartz in 
the classical ceramic, reducing the 
abrupt change in thermal expan- 
sion characteristics of the body 


caused by the alpha-beta quartz 
inversion at 1063 F. 

Applications—An accompanying 
list indicates some of the many 
current applications for alumina 
ceramics. Probably most widely 
discussed is the use of alumina as 
a cutting tool. Tool compositions 
are generally about 99% alumina. 

Benefits offered by such - tools 
include: 1) extreme rigidity pre- 
vents chattering, thus providing 
smoother cuts, 2) being nonme- 
tallic, alumina does not weld to 
the metal and withstands better 
than metal tools the high tem- 
peratures developed at the cutting 
edge, 3) cuts can be made at 
speeds up to ten times those pos- 
sible with previous tools, 4) tool 
life is reported to be as much as 
four times that for other types of 
tools, and 5) several materials 
previously considered unmachin- 
able can be cut satisfactorily with 
alumina. 

Alumina cutting tools are pro- 
duced by various preforming, 
sintering or hot pressing tech- 
niques. Additives are used to con- 
trol the microstructure. Crystal 
size must be uniform and below 
10 yw. The preferred orientation of 
crystals is believed to prevent 
mechanical stresses on cooling. 

Properties of one type of alu- 
mina cutting tool are reported to 
be as follows: 


Specific Gravity........... 3.95 
Compr Str, psi......... 450,000 
, ¢ ASAE 100,000 
Mod of Elast, psi...... 60 x 10° 
Rockwell Hardness....... A96.5 
Ther Cond, 

Btu/hr/sq ft/°F/ft....... 18 
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TABLE 5—KNOOP HARDNESS OF 
SOME CERAMIC MATERIALS 





RE ne ee 7000 
Cubic Boron Nitride................7000 
Boron Carbide.....................2800 
Titanium Boride................... 2720 
UMD GIO. oc cccecscccsences 2500 
Titanium Carbide. ................. 2460 
Zirconium Carbide................ 2090 
err ere 2000 
Tungsten Carbide.................. 1880 
Cemented Carbides..........1400 to 1800 
Zirconium Boride................. 1560 
en ee 1220 
ETE ee eee ae 800 
Hardened Steel (60.5 Rockwell C).. . .740 
NE Ee SR eae 300 to 500 
Ne PERT PEE AEE ETRE RET 130 
ee . . s cy scence Geum 30 





Properties of 
ceramics for 
mechanical uses 


TABLE 6—TYPICAL PROPERTIES OF DENSE HIGH ALUMINA CERAMICS: 























% Alumina »> 80 85 95 99+- 
PHYSICAL PROPERTIES 
Water Absorption, %................. 0.0 0.0 0.0 0.0 
Ce 3.35 3.45 3.65 3.85 
Max Service Temperature, F.......... — 2460 3000 3540 
Specific Heat, Btu/Ib/°F.. — 0.18 0.19 0.22 
Ther Cond (200 F), Btu /hr/sq ft/°F, itt... — 6.2 10.3 10.7 
Coef of Ther Exp, per °F 
SE ete halts , tic dvicnkesnes 0a — 3.1 x 10-6 | 3.7 x 10% _ 
RS SRP — 3.7 x 10 | 4.0 x 10° — 
ie oc ct takin eeages its 3.5 x 10° | 3.9x 106 | 43x 106 | 43x 10 
ESERIES ee Et a ae — 4.1x 106 | 4.5x 10 — 
PEIN. LS. Su Su ees — 4.3x 106 | 4.7 x 10° — 
MECHANICAL PROPERTIES 
Tensile Strength, psi................. 14,000 20,000 30,000 39,000 
Flexural Strength, psi.................] 29,000 41,000 45,000 47,000 
Compressive Strength, psi............ 150,000 | 250,000 | 300,000 | 400,000 
Modulus of Elasticity, psi..............] 21x 108 | 32x10® | 40x10® | 50x 106 
Impact Strength (Charpy), in.-!b.. 5.2 6.5 7.0 — 
Hardness 
GREE al aR Cay 9-5 Se 8.5-9 9 9 9 
UE tae ian Peta A vo A 1450 1750 — 
ELECTRICAL PROPERTIES 
Dielectric Strength, v/mil............. 200 200 250 300 
Te Value, F.. re icf 1560 1960 2012 
Dielectric Constant 77 F, 1 mc). 41 eae 7.0 8.2 8.9 9.6 
Power Factor (77 F, 1 mc)............. 0.0015 0.0009 | 0.00035 | 0.00027 
Loss Factor (77.F, 1:mc)...........-..-. 0.010 0.007 | 0.003 0.003 

















aThe values given are not maximum values and are dependent upon the minor 
components or fluxes used as well as a number of other factors. 


TABLE 7—PROPERTIES OF Two 


POLYCRYSTALLINE GLASSES; 
(Pyroceram) 





Code Code 
Grade » 9605 9606 








Another growing use for alu- 
mina ceramics is as anti-friction 
materials in such applications as 
bearings and seals for high tem- 
perature operation. Requirements 
for such service include 1) suffi- 


cient strength to resist thermal 
and mechanical stresses, 2) resist- 
ance to wear, 3) no tendency to 
score, and 4) low coefficient of 
The low coefficient of 
friction must also be stable over 
the service conditions encountered. 


friction. 
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THERMAL PROPERTIES | 
Softening Temp, F........] 2460 2280 
Spec Ht (77 F), Btu/Ib/°F.} 0.102 | 0,105 
Ther Cond (77 F), 





Btu/hr/sq ft/°F/ft.... 2.4 1.7 
Coef of Ther Exp(77-570F), 
Se Brak vebdbaweeess iu 7.7 x 10-7|31.7x10-7 
MECHANICAL PROPERTIES 
Mod of Elast, 10° psi......] 19.8 17.8 
Poisson's Ratio. . | — 0.24 


Mod of Rupture, 1000 psi. | 37 32 
Strength-Weight Ratio, 


er 14.1 12.3 
Knoop Hardness 
ae 1100 940 
Se eee 843 789 
ere 720 570 
Abrasion (sand blast; 





plate glass = 1.0)...... 27 20 





ELECTRICAL PROPERTIES 


Dielec Const (10® cps) | 
Lf BEB 6.1 | 5.62 
OP Cakccdsaccdccseate 6.3 | 5.80 
Dielec Const (10° cps) | 
Des ta cubsebenenins 6.1 5.53 
re 6.1 5.53 
rer 6.1 5.54 
Dissip Factor (10® cps) 
| AO Ae 0.0017 | 0.0024 
ee 0.014 | 0.013 
Dissip Factor (10!° cps) | 
Fee ae 0.0002 | 0.0003 
SP e26 dnd chchauds 0.0008 | 0.0006 





ae 0.0025 | 0.0018 
Loss Factor (10° cps) 
, ee ..1 0.010 | 0.014 
ee ...| 0.078 | 0.075 
Loss Factor (10!° cps) | 
ee 0.001 | 0.002 
OS ae | 0.005 | 0.003 
a 0.015 | 0.010 
Volume Resistivity, 

Log 10 ohm-cm 
Ae 10.1 10 
Sa eee 8.7 8.6 

OTHER PROPERTIES ~ 
Specific Gravity (77 F)....] 2.62 2.60 
Water Absorption, %..... 0.00 0.00 
Porosity (gas perm)...... Gas tight} Gas tight 








aTwo grades listed are those on which most 
data have been developed. Both are opaque. 
Transparent grades are also available. 
bModulus of rupture — specific gravity. 
Source: Corning Glass Works. 


Alumina roller bearings have 
been made and require no lubri- 
cation. Ceramic sleeve bearings 
of all sizes are being used for 
high speed, high temperature ap- 
plications. 

Requirements for high tempera- 
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ture friction materials such as 
aircraft brake and clutch linings 
are similar to those for anti-fric- 
tion materials with the exception 
that high rather than low, coeffi- 
cients of friction are required. 
Cermets have been most success- 
ful in this type of application. 
More details are given in the sec- 
tion on Ceramics for High Tem- 
perature Uses. 

The combination of excellent 
mechanical properties and good 
dielectric properties at high tem- 
peratures and frequencies has 
been responsible for much devel- 
opmental work on alumina ra- 
domes for aircraft (see section on 
Ceramics for High Temperature 
Uses). Alumina is also used as 
insulating envelopes for vacuum 
tubes. Such envelopes are easily 
degassed at high bake-out tem- 
peratures, assuring longer vacuum 
life. Some porous alumina bodies 
are used for special parts such as 
tube supports in electronic tubes 
where refractoriness and ease of 
out-gassing are requirements. 

Alumina single crystals (sap- 
phire and ruby) are used for 
bearings, guides, gages, dies and 
other parts requiring wear resist- 
ance, hardness, and resistance to 
heat and corrosion. 


3. Ceramics for 


Refractoriness and resistance to 
high temperatures are distinguish- 
ing characteristics of most ce- 
ramic materials. The discussion 
here is primarily concerned with 
the newer high temperature re- 
fractory materials, and cermets 
made from them. Furnace and 
kiln refractories are not included. 

Of the large number of possible 
refractory oxides, carbides, ni- 
trides, borides, silicides and alu- 
minides, only a relative few have 
so far been developed commer- 
cially. However, many seem to 
have a combination of properties 
warranting commercial produc- 
tion. Although high melting points 
of some of the materials are in- 
dicative of good high temperature 
8tability, deficiencies in other 





Polycrystalline glass 
(Pyroceram) 

A group of fine grained poly- 
crystalline glasses, trademarked 
Pyroceram, has been introduced 
recently. A variety of composi- 
tions offering a range of physical 
properties are under development. 
Table 7 presents the latest thermal, 
mechanical and electrical data for 
two compositions currently avail- 
able. 

Polycrystalline glasses have high 
strength-to-weight ratio. Since the 
size, density and chemical compo- 
sition of the crystals in the mate- 
rials can be controlled, properties 
can be tailored to meet specific 
requirements. For example, a wide 
range of thermal properties is 
obtainable, with coefficients of 
thermal expansion ranging from 
slightly negative to 31.6 x 10-* 
per °F. Extremely good thermal 
shock resistance can be provided 
by the proper combination of low 
thermal expansion and high ten- 
sile strength in certain grades of 
the material. 

As pointed out in the section on 
Ceramics for Electrical and Elec- 
tronic Uses, one type of Pyro- 
ceram has high frequency insu- 
lating properties comparable to 


high temperature 


properties, such as_ strength, 
thermal shock resistance and 
fabricability, complicate develop- 
ment problems. 

Oxides 

Pure refractory oxides such as 
alumina, beryllia, magnesia and 
zirconia have exceptionally good 
resistance to oxidation at high 
temperatures. They are generally 
hard and chemically inert, provid- 
ing good resistance to erosion and 
corrosion. A large number of 
oxides have high refractoriness. 
Table 9 shows properties of some 
commerical oxides. 

Alumina, one of the most im- 
portant commercial oxides, is one 
of the most chemically stable and 
strong of the refractory oxides, 




















































those of the best electrical ce- 
ramics. 

One of the most important bene- 
fits offered by these materials is 
the diversity in methods of fabri- 
cation possible, providing great 
flexibility in design. Proprietary 
formulations of the materials con- 
taining certain nucleating agents 
are melted as a conventional glass 
batch. The material can then be 
formed by any of the conventional 
glass forming methods, e.g., blow- 
ing, drawing, and pressing and 
rolling, or by such special forming 
techniques as centrifugal or in- 
vestment casting. The formed 
part is then cooled and subjected 
to heat treatments that cause the 
nucleating agents to form a large 
number of submicroscopic crystal- 
lites, each crystallite acting as a 
center of crystal growth as heat 
treatment continues. The result- 
ing product is a nonporous, fine- 
grained polycrystalline material. 

Applications—The materials are 
so new that commercial applica- 
tions are only now being devel- 
oped. The properties of the mate- 
rials indicate their suitability for 
a number of mechanical and 
chemical applications such as 
chemical processing equipment, 
and domestic products. 





Norton Co. 
Rocket nozzle utilizes the good me- 


chanical and thermal properties of 
densified silicon carbide. 
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particularly at moderately high 
temperatures. At temperatures as 
high as 3275 F it is resistant to 
all gases except fluorine. It can 
be used in either oxidizing or 
highly reducing atmospheres at 
temperatures up to about 3450 F, 
or 3540 F for short periods. Alu- 
mina is discussed in further detail 
in the section on Ceramics for 
Mechanical Applications. 

A new refractory material, pri- 
marily intended for high tempera- 
ture thermal insulation, consists 
of alumina bubbles or hollow 
spheres, bonded and fired. Sup- 
plied as a castable, it has a maxi- 
mum use temperature of about 
3300 F. 

Cermets —Cermets of metal- 
bonded refractory oxides have 
good thermochemical stability and 
load-bearing strength at relatively 
high temperatures. The oxide- 
base cermets of greatest current 
commercial interest are chro- 
mium-bonded. alumina-base mate- 
rials. Properties of two such 
cermets are given in Table 9. They 
have exceptionally good high tem- 
perature strength (one type hav- 
ing a modulus of rupture of 
11,800 psi at 2400 F), good ero- 
sion and wear resistance, and ex- 
cellent resistance to molten metals 
and oxidation. Quantities of tung- 
sten, molybdenum and titanium 
oxide are added to various grades 
to improve specific properties such 
as thermal shock resistance. 
Carbides 

Carbides are among the most 
refractory materials known. Melt- 
ing points of some of the higher 
temperature carbides are: haf- 
nium carbide (HfC), 7520 F; 
tantalum carbide (TaC), 7025 F; 
zirconium carbide (ZrC), 6370 F; 
and titanium carbide (TiC), 
5660 F. One of the major limita- 
tions of the carbides is their 
limited resistance to oxidation at 
high temperatures. Properties of 
several carbides are given in 
Table 9. 

Of the carbides, silicon carbide 
has found the most commercial 
use as refractories. Tungsten car- 
bide, titanium carbide and chro- 
mium carbide have been used pri- 
marily in the form of cermets. 
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Boron carbide is useful as an 
abrasive, and is finding applica- 
tions in nuclear reactors because 
of its high thermal neutron ab- 
sorption cross section. 

Some carbides, such as silicon 
carbide, as well as some nitrides 
and silicides, oxidize slowly at 
high temperatures and produce a 
protective coating of viscous silica 
glass which retards further oxida- 
tion. 

Table 8 shows properties of 
various types of commercial sili- 
con carbide and boron carbide. 
Silicon carbide can be used at 
temperatures up to 2750 F, and 
at considerably higher tempera- 
tures for short periods of time. 

Originally, silicon carbide bod- 
ies were prepared with a silicate 
bond. Substantial improvements 
in shock resistance, thermal con- 
ductivity and hot strength were 
obtained by using a silicon nitride 
bond. The silicon nitride phase 
of such structures has good re- 
sistance to corrosion, and a dis- 
sociation temperature of about 
3500 F. The recently developed 
densified silicon carbide is actu- 
ally a silicon carbide-bonded sili- 
con carbide and has a maximum 
working temperature of 4200 F in 
an inert atmosphere and 3000 F 
in an oxidizing atmosphere. It 
has high strength and extremely 
good resistance to abrasion and 
corrosion at high temperatures. 


Boron carbide is commerci:; lly 
available as a sintered or hot 
pressed body in densities ranging 
from about 60 to 95% of theoret- 


ical. 


for the B,C type. 


The boron content ranges 
from about 75% by weight for 
the B,C type to 82% by weight 


Boron carbide 


has a maximum service tempera- 
ture of 4100 F in inert atmos- 
pheres and 1000 F in oxidizing 
atmospheres. 

Cermets—Carbide-base cermets, 
though easier to bond than the 
oxide-base types, generally have 


poorer 
istics. 


nickel, 
molybdenum; 


load-bearing 


character- 


Commercial carbide-base 
cermets include titanium carbides 
bonded with metals 


cobalt, 


such as 


chromium and 


tungsten 


carbide 


bonded with cobalt; and chromium 
carbides bonded with nickel and 
copper. 

Titanium and tungsten carbide- 
base cermets have probably been 
the most widely used carbide cer- 
Improvements in thermal 
shock resistance of nickel-bonded 
titanium carbides have been ob- 
tained by adding such metals as 
aluminum, chromium and molyb- 
denum to the nickel. 
and tungsten carbide-base cermets 
have been used to handle sodium, 
sodium-potassium and other met- 


mets. 


als 


at 


1050 F. 
One experimental cermet, con- 


temperatures 


TABLE 8—PROPERTIES OF SOME COMMERCIAL CARBIDES 


Titanium 


exceeding 




















Silicon Silicon 
Carbide Carbide Silicon Boron 
Type » (silicate (silicon Carbide Carbide 
bonded) nitride (densified) 
bonded) 
NLS 5, 5664 dc on dda sche denda’ 2.57 2.87 3.10 2.40* 
SS eee oe ae ae 9-17 6-10 Negligible | Negligible 
Mean Spec Ht (0-2550 F), Btu/Ib/°F........ 0.285 0.288 0.331 — 
Mean Ther Exp (0-2550 F), per °F...........] 2.4x10% | 24x106 | 2.17x10* | 1.73x 10° 
Modulus of Rupture (77 F), psi............. 2200 5500 24,000 50,000 
Ther Cond (2200 F), Btu/hr/sq ft/°F/in...... 109 113.5 293» 188 
Tensile Strength (77 F), psi................ Very low 3000 25,000 22,500 
Compressive Strength (77 F), psi............ 15,000 20,000 150,000 420,000 
Modulus of Elasticity (77 F), 10° psi......... 13.2 17 68 42 
Max Service Temperature, F 
UII hos veces cccccccccccecs 3200 3200 4000 4100 
Oxidizing Atmosphere................... 2900 3000 3000 1000 





aBoron carbide is available in specific gravities ranging from 1.9 to 2.52. 


b1882 F. 
Source: Carborundum Co. 
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sisting of molybdenum and silicon 
carbide, shows an increase in 
strength with temperature. The 
room temperature flexural strength 
of 42,200 psi increases to 71,900 
psi at 1800 F. 


Borides 

Borides of the high melting 
metals have melting points rang- 
ing from 3600 F to 5500 F, low 
volatility, low electrical resistivity, 
high hardness and high stability. 
They are not particularly resist- 
tant to oxidation at high tempera- 
tures (2400 to 2700 F or above). 
Their resistance to various types 
of aqueous or gaseous corrosion 
is good, but not much better than 
that of the carbides and silicides. 
Some of the more interesting 
borides are molybdenum boride 
(Mo.B or MoB), titanium boride 
(TiB,), zirconium boride (ZrB,), 
iron boride (Fe.B or FeB), chro- 
mium boride (CrB) and manga- 
nese boride (Mn.B or MnB). 

Cermets — Although all boride 
materials are still experimental, 
some quite interesting cermet 
compositions include chromium- 
bonded molybdenum boride, iron- 
bonded iron boride, iron-bonded 
manganese boride, and chromium 
boride bonded with nickel, iron or 
cobalt. 

In general, boride-base cermets 
are not as strong as titanium car- 
bide at room temperature, but may 
be stronger at elevated tempera- 
tures. They are somewhat brittle 
and do not possess high load- 
bearing ability. 

Nitrides 

Most nitrides are relatively 
brittle and have low oxidation re- 
sistance. The most successful re- 
fractory nitrides developed to date 
are boron nitride (BN) and sili- 
con nitride (Si,N,). 

Hexagonal boron nitride (not 
to be confused with cubic boron 
nitride, having hardness equiva- 
lent to that of diamond) can be 
used at temperatures up to 3000 F 
and higher under special condi- 
tions. It is quite stable at high 
temperatures, and is not wetted 
by molten glass or certain non- 
ferrous metals. It also has good 
resistance to thermal shock, lubri- 
cating qualities similar to graph- 


ite, and good dielectric qualities. 

Silicon nitride can be used in 
neutral or reducing atmospheres 
at temperatures up to 3400 F. It 
has good thermal shock resistance, 
and excellent resistance to molten 
nonferrous metals and most acids. 
It withstands attack by molten 
steel and cast iron for short 
periods of time. Silicon nitride 
has a modulus of rupture about 
midway between that of alumina 
and silicon nitride-bonded silicon 
carbide. 

Cermets—Nitride-base cermets 
are in early stages of development. 
Certain compositions based on ti- 
tanium nitride seem most prom- 
ising; they consist of a solid solu- 
tion of titanium nitride and tita- 
nium carbide bonded with chro- 
mium or a nickel-cobalt alloy. 
Silicides 

Molybdenum disilicide is the 
most important silicide in com- 
mercial production today. How- 
ever, several types of massive 
silicides have exceptional resist- 
ance to oxidation at high tempera- 
tures as a result of the formation, 
during exposure to temperature, 
of a protective surface film of 
silica. In general, the silicides of 
molybdenum, chromium, tungsten, 
titanium, columbium, tantalum 
and zirconium have sufficiently 
high melting points to be investi- 
gated as refractories. Silicides of 
chromium and titanium have been 
studied most extensively and 
should find commercial use soon. 

Little information is available 
on the physical properties of sili- 
cide bodies, but in general they 
have excellent thermal shock re- 
sistance and low electrical resis- 
tivity, and are hard and brittle 
at room temperature. They have 
at least limited plasticity at ele- 
vated temperatures. 

Aluminides 

Most of the successful work on 
aluminides has centered around 
cermet compositions. Molybde- 
num-bonded aluminides have good 
high temperature stability and 
resistance to oxidation, but poor 
strength and thermal shock re- 
sistance. 

Nickel-bonded aluminides have 
good thermal shock resistance, 
good high temperature oxidation 





Other Articles 


For more information on the 
materials discussed in this man- 
ual, see the following articles 
published recently in M/DE:* 


Electrical and Electronic Uses 
Where to Use the New Semi- 
conductor Materials, Mar ’58, 
p 114. 


Mechanical Uses 

Man-Made Material Is Hard 
as Diamond, May ’57, p 194. 

Pyroceram: A Strong New 
Ceramic, July ’57, p 142. 

High Temperature Uses 

New Alumina-Type Cermets, 
Feb ’58, p 112. 

Improved Silicon Carbide for 
High Temperature Parts 
(silicon carbide bond), Oct 
56, p 92. 

Specially Bonded Silicon Car- 
bide (silicon nitride bond), 
Nov ’54, p 83. 

Boron Carbide Looks Promis- 
ing for Nuclear Uses, Dec 
56, p 96. 

Boride Parts Resist Molten 
Zinc, June ’56, p 132. 

Boron Nitride, Jan ’56, p 88. 

Silicon Nitride Refractory, Jan 
58, p 115. 





* See also Materials Selector issue, mid- 
Sept °57, pp 225-8. 





resistance and some room tem- 
perature ductility, but strengths 
are relatively low. 

New uses for refractories 

and cermets 

Because of space limitations, 
only some of the newer applica- 
tions for refractory ceramics and 
cermets are discussed here. The 
more conventional applications, 
such as crucibles, thermocouple 
protection tubes, gaskets, pump 
components, pouring spouts and 
flame holders, are relatively well 
known. 

Friction materials—The greater 
weights and higher speeds of 
transportation equipment such as 
aircraft have necessitated the de- 
velopment of high temperature 
(800 to 2000 F) friction materials 
for such uses as brake and clutch 
linings. Such friction materials 
must have not only the refractori- 
ness of ceramics, but also suffi- 
cient strength to resist thermal 
and mechanical stresses, a low 
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TABLE 9—PROPERTIES OF SELECTED REFRACTORIES FOR NUCLEAR USES 
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Po 
Neutron | Thee 
Material Melting Bulk | Abs Cross; Ther Cond, Coef of Ther Mod of Elast, Spec Ht, | Pref Fab. Re. 
+ Point, C | Density,| Section, | gm-cal/sec/sq | Exp, 10®/per °C 10-8 psi cal/gm/°C | Methods! actor 
gm/cu | sq cm/cu cm/°C/cm Uses i 
cm> cm 
—— 
Alumina (Al.0;)........ 2015+ 15 3.79 0.0101 |0.069 (100C)| 6 (20C)|} 52 (20C) | 0.21 (20C) | CS, ES, CPS FS 
0.021  (600C)| 7 (500C) | 50 (800C)/0.25 (500C) 
0.013 (1200C)| 9 (1000C)| 32  (1400C)/0.28  (1000C) 
Beryllia (BeO).......... 2350+ 30 2.86 0.00074 | 0.500 (100C);| 8 (100C)} 45 (20C) | 0.24 (20C) | HP, CPS, ES, CS | F,m 
0.107 (600C)| 8 (500C)| 28 (800C) | 0.50 (500C) | RS 
0.039 (1200C)| 9 (1000C); 12 (1400C) 
Hafnia (HfO,)........... 2900+ 25 9.68 3.18 _ 5.8 (250-1300C)| 8.2  (20C)e¢|0.174  (400C)| CS, ES, CPS, HP | ¢, sh 
0.197 (1000C) | 
Gadolinia (Gd,0;)....... 2350+ 20 7.40° | 1090 0.005 (1000C)| 10.5 (25-1000C)| 18.0  (20C)/0.176 (400C)| CS, ES, CPS C, Sh 
0.1956 (1000C) 
Samaria (Sm,0;).......} 2350+ 20 7.43° | 167 0.005 (1000C)| 9.9 (25-1000C); 26.5  (20C)|0.179 (400C)/| CS, ES, CPS C, Sh 
0.205 (1000C) 
Magnesia (MgO)........ 2800 3.58 | 0.0032 |0.082  (100C) {11 (100C);} 12 (20C) | 0.23 (20C) | CS, ES, CPS FS 
0.026  (600C) | 13 (500C) 0.26 (500C) 
0.014 (1200C) | 15 (1000C) 0.28  (1000C) 
Thoria (ThO,).......... 3220+ 50 9.6 0.160 0.020 (100C)| 8 (100C)| 21 (20C) | 0.058  (50C)| CS, ES, CPS FS 
0.008 (600C)| 9 (500C); 18 (800C) 
0.0076 (1200C)| 9 (1000C)| 14 (1400C) 
Titania (Ti0.)..........] 1830 4.17 0.176 0.015 (100C)| 7.5 (100-500C)| 12.7-15.5(20C)) 0.168 (0C) | CS, ES, CPS S 
0.008 (600C) 
0.0076 (1200C) 
Urania (U0,)........... 2878+ 22 | 10.02 0.165 0.018  (100C)}11.2 (27-1260C); 25 (20C) | 0.056  (17C)|CS, ES, CPS, HP |F,s 
0.008  (600C) 
0.006 (1000C) 
Stabilized Zirconia 
(Zr0.+-5%Ca0)...... 2600 5.35 0.00571 | 0.004 (100C)| 7.2 (70-1000C)| 36 (20C) | 0.12 (20C) | CS, ES, CPS S 
0.004 (600C) 0.16 (500C) 
0.0049 (1200C) 
Beryllium Carbide (Be.C) | Decomp. 2.44¢ | 0.0010 | 0.056 (20C)/10.8 (38-982C)| 45 (20C)! — HP F, M, 
2100 RS 
Boron Carbide (B,C)... .} 2450 2.51¢ | 82.0 0.065  (20C)| 4.5 (25-800C)| 65 (20C) | 0.443 (25C)* | HP C, Sh 
Silicon Carbide (SiC)... .}| Decomp. 3.2¢ | 0.00647 |0.49 (600C;| 4.7 (20-1500C) _— 0.143 (0C) | CS, ES, CPS, HP | F,S 
2200 recryst.) | 
Tantalum Carbide (TaC) .| 3880+ 150 | 14.48¢ | 0.964 0.053 (20C)) 82+0.8 (20- _ ~ HP |S 
2380C) 
Titanium Carbide (TiC). .| 3140 4.93 0.277 0.41 (20C) | 7.42 (24-500C); 51 (20C)¢|0.201 (25C)'| HP 
Uranium Carbide (UC.)..| 2400 11.28¢ | 0.192 0.082  (20C)4 —_ _ 0.035 (100C)' | HP F 
Tungsten Carbide (WC). .| 2777 15.70¢ | 0.915 _— 5.2 (20C)} 102.5  (20C) — HP S$ 
7,3 (1930C) 
Zirconium Carbide (ZrC) .} 3530+125 | 6.7 0.0072 {0.049  (20C)| 6.73 (24-500C)| 49 (20C)* — HP F,S 
Graphite (Cg).......... 3700+ 100 | 1.55 0.000350 | 0.298  (100C)| 3.34(25-1800C)| 1.0 (20C)/0.3 (20C) | Extruded, graphi-| F, M, 
0.154 (600C) itized at 3000 C | R, S 
0.105 (1000C) and machined 
rer reer Iyer 2300+ 300 | 2.3 96 — 8.3 (20-750C) _ 0.307.  (50C)|HP C, Sh 
0.472  (500C) 
0.510 (900C) 
Molybdenum Disilicide 
SING ecahnse0s 1870 6.2 0.065 0.075 (20-200C) — — _— HP F,S 
80 SiC-2 C-18% Si...... 1400* 3.1 0.00659 | 0.5 (50C) | 4.2 (20C)| 35.8  (20C)/|0.228 (400C) | Impregnation of | F,S 
0.06 (1000C) 0.252 (700C)| formed C or 
0.267 (1000C)| SiC with Si 
72 Cr-28% AlsOs....... 1300* 5.95 | 0.147 0.04 (20C) | 5.85 (25-8000); 47.2 (25C) — CS, CP, HP F,S 
30 Cr-70% Al.Os........ 1300* 4.68 0.056 0.023  (20C)| 8.65 (25-800C)| 52.3 (25C) — CS, CPS, HP FS 
9.45 (25-1315C) 
80 TiC-20% Ni (K-151a)'.| 1200 5.8 0.311 0.080  (20C)| 5.0 (25-1000C)| 56.7 (1000C) — CPS, HP as 
aMax continuous service temperature. ceTheoretical. fPorosity 6-8%. 


bValues in table used in calculating thermal neutron cross section. 


dDensity: 10 gm/cu cm. 
eSintered at 1500 C. 


gSintered with 5% cobalt. 
hHot pressed. 


iCS = cast and sintered; ES = extruded and sintered; CPS — cold pressed and sintered; HP = hot pressed. 
iF = fuel elements; M = moderator; R= reflector; C = control devices; S = structural parts; Sh = neutron shield. 
ITrademark of Kennametal, Inc. 


kCalculated. 


Source: Warde, J. M., “Refractories for Nuclear Energy,” The Refractories Institute Bulletin, No. 94, Feb. '56; an extensive bibliography is 
available from the author. Note: The metric system has become traditional for expressing engineering data in the nuclear field and is therefore 


used here. 
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ear rate, no tendency to score, 

and a high coefficient of friction 
at is stable over the service 

temperatures encountered. 

Cermets have been the most 
successful in meeting these re- 
quirements. The metallic phase 
conducts heat away from the face 
of the material; the ceramic phase 
provides the wear resistance. 
Though most such materials are 
proprietary and exact composi- 
tions are not reported, in general 
they consist of iron or copper com- 
bined with a silica or alumino- 
silicate (mullite or kyanite) ce- 
ramic phase. In some cases, the 
less abrasive oxides can be used 
as the ceramic phase. Small pro- 
portions of graphite can be used 
to modify frictional character- 
istics. 

Aircraft radomes— The tem- 
peratures encountered with pres- 
ent and planned supersonic speeds 
make refractory ceramics a natu- 
ral possibility for aircraft ra- 
domes. The properties required 
for such use include low dielectric 
loss and stable dielectric constant 
over the service temperature 
range, and a homogeneous struc- 
ture having uniform density, high 
erosion resistance, high mechani- 
cal strength and good thermal 
shock resistance. 

High alumina ceramics are one 
of the most promising of the ma- 
terials that meet these design re- 
quirements. Alumina is discussed 
in detail in the section on Ceram- 
ics for Mechanical Applications. 

Rocket nozzles—Design require- 
ments for rocket nozzles include 
Stability at extremely high tem- 
‘peratures, excellent thermal shock 
resistance, and resistance to cor- 
rosive gases and erosion caused 
‘by high velocity gas streams. The 
erosion that does occur should be 
consistent around the periphery 
of the nozzle throat to ensure even 
burning and true flight. 

Many refrzctory materials, ce- 
ramic coatings, and cermets are 
currently being evaluated for this 
‘use. Some of the most promising 
are flame sprayed alumina and 
zirconia coatings, both silicon car- 
bide- and silicon nitride-bonded 
silicon carbide, and the chromium- 
‘alumina type cermets. 







Carborundum Co. 


Nuclear fuel elements are produced in a variety of shapes from urania, 
urania-alumina and urania-thoria compositions. 


4. Ceramics for 


Ceramic materials are playing 
an increasingly important part in 
nearly all categories of nuclear 
equipment because of their ther- 
mal stability, corrosion resistance 
and refractoriness, and because of 
the different neutron capture and 
scatter characteristics available in 
different compositions. Although 
ceramics are more susceptible to 
damage from severe irradiation 
than metals, they can be heat 
treated to anneal the damage; in 
most cases nearly complete re- 
covery is achieved. 

Effects of radiation—Radiation 
damage to ceramics consists pri- 
marily of defects in the lattice. 
Ionic crystals with simple struc- 
tures show least damage; aniso- 
tropic structures and highly cova- 
lent crystals are more sensitive to 
damage. Some ceramic bodies of 
small grain and random orienta- 
tion, such as alumina, show rela- 
tively little structural change on 
exposure, though thermal conduc- 


nuclear uses 


tivity is decreased in most in- 
stances. 

In the case of graphite, and it 
is probably true for most ceram- 
ics, less radiation damage occurs 
at higher temperatures, than at 
room temperature. Damage in 
graphite is caused by the displace- 
ment of carbon atoms, resulting 
in lattice vacancies and interstitial 
carbon atoms which have a direct 
effect on physical properties. An- 
nealing at high temperatures pro- 
duces virtually complete recovery. 

Radiation damage to electrical 
insulators such as alumina zircon, 
beryllia, sillimanite (Al,O, * SiO,), 
mica, magnesia and quartz results 
in decreased electrical resistivity 
and changes in surface color. For 
the most part these changes are 
reversible by annealing. 

Table 9 lists properties of a 
variety of materials that are 
either being used or have poten- 
tial use in nuclear equipment. The 
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following section discusses briefly 
the various areas of use and the 
ceramic materials most promising. 
Processing equipment ceramics 

Crucibles, molds and parts used 
for processing uranium, uranium 
alloys and other reactor materials 
are made of pure oxide refrac- 
tories such as alumina, magnesia, 
calcia, thoria and vanadia. 

Alumina has been used as a 
crucible material for melting co- 
balt, as a furnace refractory and 
as a coating material. Magnesia 
crucibles are used for melting 
uranium and its alloys, and nickel 
and cobalt and their alloys. Calcia 
crucibles have been used in the 
production of very pure uranium, 
but calcia presents some hydration 
problems. Thoria has been used 
for melting uranium-thorium al- 
loys. 

Fuel element ceramics 

The properties other than nu- 
clear, needed for fuel elements in- 
clude thermal shock resistance, 
resistance to corrosion and high 
thermal conductivity (to lower 
the temperature of the fuel and 
reduce stresses developed in the 
element). 

Uranium oxide, which generally 
meets these requirements, is used 
in granular and bulk form and 
can be fabricated into rods, pel- 
lets, plates or blocks. Urania 
(UO.,) on heating in air oxidizes 
to U,O, with an accompanying 
volume increase. Thus it must be 
fabricated in an oxygen-free at- 
mosphere. Stable solid solutions 
of urania-thoria can be produced 
by adding 20% or more of ThO, 
to U.0O,; firing reduces the latter 
to UO,. 

The desirability of high thermal 
conductivity has stimulated work 
on uranium carbide (UC and UC,), 
uranium nitride (UN), and uran- 
ium silicide (USi,). Various re- 
fractory additives which have 
been considered include silicon 
carbide, magnesia, graphite and 
beryllia. Cermets containing uran- 
ium, such as combinations of 
uranium and Cr-Al,O, or Si-SiC, 
and AIl-UO,, offer relatively high 
operating temperatures with good 
heat transfer characteristics. Vari- 
ous ceramic forms of thorium and 


plutonium are also of interest. 

Thoria, and thoria with 0.5% 
cupric oxide, are useful for breeder 
elements because of their refrac- 
toriness and stability at high tem- 
peratures. 


Control ceramics 

Ceramics used as control ele- 
ments or rods must have high 
absorption cross. sections for 
thermal neutrons, as well as high 
temperature stability and refrac- 
toriness. 

Boron carbide, available in a 
variety of shapes, is now being 
used for this application. Ele- 
mental boron, and rare earth ox- 
ides of such elements as samar- 
ium, gadolinium and hafnium, can 
be added to the boron carbide to 
provide a suitable refractory body. 

Boron nitride and some of the 
stable refractory borides may also 
find use in control devices. 


Moderator ceramics 

Both moderators and reflectors 
must have very high scattering 
cross sections and low neutron 
absorption characteristics. High 
density graphite probably is used 
most extensively; beryllia is also 
used. 

Beryllium carbide is potentially 
useful as a moderator. The oxides, 
nitrides and carbides of beryllium 
and zirconium are of interest as 
reflectors. Dense graphite can be 
used for tubes to contain reactor 
coolants, neutron filters and at- 
tenuators, and containers for ex- 
perimental irradiation. 


Shielding ceramics 

Elemental boron, boron carbide 
and boron nitride are useful 
shielding materials, since they 
contain the boron isotope B’, an 
effective absorber of thermal neu- 
trons. Boron carbide can also be 
used as a granular fill, in block 
form, or embedded in other mate- 
rials. 

Cement and concrete filled with 
materials having high neutron 
capture cross section are used for 
large shielding installations. Filler 
materials include metallic iron, 
iron ores, barytes (BaSO,), cole- 
manite (2CaO + 3B,0, *5H,O) and 
ferrophosphates. Magnesium oxy- 
chloride cement is of interest be- 





cause of its high water conte it: 
however there is some question 
as to its stability. 
Structural ceramics 

Ceramics such as alumina, bery]- 
lia, zirconia, magnesia, some sgili- 
cides and silicon carbide are jo. 
tentially useful as structural ma- 
terials since they maintain 
strength and load-bearing proper- 
ties at high temperatures. Cer- 
mets such as chromium-aluming 
and silicon-silicon carbide may 
also be useful. Refractory insu- 
lating materials such as bubble 
alumina, alumino-silicate fibers 
and diatomaceous earth can be 
used for thermal insulation. 
Waste disposal ceramics 

In solving the critical problem 
of disposal of reactor wastes, 
montmorillonite clay is used to 
absorb fission products; the clay 
is then fused prior to disposal. A 
more recent method involves fus- 
ing the radioactive wastes in a 
nepheline syenite glass before 
burial. 
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Cotton Flock-Filled Phenolics 
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Source: Plastics Engineering Handbook of the Society of the Plastics Industry, Inc., Reinhold Publishing Corp., 1954. 
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Aluminum foil, paper and other 
materials can be laminated with 
Goodyear’s new polyester film. 


Heat-Seal Polyester Film 
Laminates to Wood, Metal 


w A new, heat sealable polyester 
film has been developed by Good- 
year Tire & Rubber Co., Akron, 
Ohio as a laminating film for 
leather, wood, textiles, ferrous 
and nonferrous metals, paper and 
some plastics. According to E. J. 


for glass, cotton, wool, Dacron, 
Orlon and nylon fabrics. It can be 
laminated to ferrous and non- 
ferrous metal surfaces to produce 
outdoor sheeting, wall panels, 
doors, sills, trays, table tops, and 
interior and exterior automobile 





bathtubs, sinks, light fixtures, 
boat surfaces, caskets, wall tiles 
and trays. 


Properties 

Goodyear says the film can be 
used over a temperature range of 
—40 to 220 F. A low elongation 
value of approximately 4% has 
been deliberately engineered into 
the product in order to achieve 
maximum abrasion resistance, 
good forming and stretch lami- 
nating properties, and good weath- 











Is " Thomas, president of Goodyear, trim. ering characteristics. 
ep “Videne A has extremely high According to Goodyear, Videne Various laboratory and _ field 
ently M «@brasion resistance, has good out- A seals under heat and pressure __ tests indicate that the laminating | 
quip. door aging resistance, and has to all woods and composition wood __ film has good weather resistance. 
imen fm excellent adhesive, electrical and surfaces without adhesives to pro- _—‘ For instance, the plastics film has | 
forming properties.” vide a protective prefinished sur- —_ been exposed in a Weatherometer | 
The film is presently available face. In wood combinations, such _ for 200 to 300 hr, in a Fadeometer | 
1 and 6 ee Ca a , 
inde in limited quantities from Good- as plywood, the film can be used for 300 to 600 hr, and in salt | 
oor year’s facilities in Akron at a as an adhesive to hold the plies spray for 800 to 1000 hr without 
lable. price of $2.25 per lb. It is sup- together. Videne A-paper lamina- any noticeable change taking 
plied in clear and satin finishes, tions are said to make good wall place. The film did not discolor | 
ae in gages from 2 to 742 mils, and coverings, decorative papers and or crack after one year exposure 
: in widths up to 54 in. The com- electricai tapes. in Arizona and Florida. | 
pany is constructing a $9 million The film is said to laminate to Tents sinc chow Viens A bas | 
plant in Apple Grove, W. Va. for _—most rigid and semi-rigid plastics good resistance to such solvents | 
and @ full scale production of the film. under heat and pressure; Videne ag carbon tetrachloride, gasoline, | 
on Price is expected to drop consid- A coated plastics can be used a8 methyl ethyl ketone, benzene, | | 
Rope sad Be a eae 1. PROPERTIES OF VIDENE A ethyl alcohol and diethyl ether. 
s for The film swells 0.4 to 0.5% in 
dene A polyester film as an Un- PHYSICAL PROPERTIES water and 1.0 to 1.5% in SAE oil 
oriented, amorphous, thermoplas- Tensile Strength, psi................... 9000 after 24 hr at 77 F. 
tic material which cannot be crys- Elongation, %.............. cee eeee eee ovine 4 , 
tallized. It differs from other Falling Ball Impact Strength, in............ ll Formability 
cogil : Mullens Burst Strength, psi............... 60 The polyester film can be vac- 
plastics in two major respects: 1) Elmendorf Tear Strength, gm/mil.......... 9 uum formed on conventional 
it can be adhered under heat and a Sa set a re equipment at temperatures of 200 
pressure to textiles, metals, wood, 5 PAM once “to 300 F. It can be laminated to 
paper and certain plastics without Dielectric Strength, v/mil.............. 4250 various materials at temperatures 
adhesives; and 2) it can be vac- Volume Resistivity, ohm-cm........ 1.1 x 103 of 275 to 325 F and pressures of 
uum formed and drawn to the a SS eee, 10 to 100 psi, depending on final 
limits of supporting materials. reais Guasehiis svoseeesacvedeeess I Qusatte: vemnined.’ “The: fink ‘com | 
Applications SS Sree 350 be embossed, metallized and | 
The film is said to act as a | ee 180 ~— printed. | 







decorative and protective surface 


< For more information, circle No. 382 


Service Temperature Range, F....—40 to 220 
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minum alloy Tens-50. 





Hydraulic valve operating at high pressure is permanent mold cast of alu- 


Castings of New Aluminum Alloy 
Almost As Strong As Forgings 


@ A new aluminum alloy is said 
to be capable of being cast with 
strength approximately equal to 
that of some forged parts. The 
new alloy, called Tens-50 and de- 
veloped by Navan Products, Inc., 
Santa Monica, Calif., is also said 
to represent a new approach to 
alloying for higher strength cast- 
ing. According to Navan, beryl- 
lium and sodium are used to neu- 


Three-part molds are needed 
to cast this large pylon, yet the 
rejection rate is extremely low. 








FORGINGS VS CASTINGS—A COMPARISON OF PROPERTIES 





| 
Ten Str, 1000 psi | Yid Str, 1000 psi 


























Elong, % 
Forgings 
TES Sa 65 55 10 
ERE Pane 38 35 10 
PERMANENT MOLD CASTINGS tre ei 7 | ; 
OSES RS ee enoree error 45 | 38 | 3 
356-T6.... 33 | 22 | 3 
SAND CASTINGS POI @ ramon 
A Ge le I cao 42 32 3 
eh RRA ae 30 20 | 3 
MECHANICAL PROPERTIES OF TENS-50 ALUMINUM ALLOY 
Type of Casting »> Sand Permanent Mold 
Suggested Suggested 
Typical Design Typical Design 
Minimum Minimum 
Tensile Strength, 1000 psi.......................... 46 42 50 45 
Yield Strength, (0.2% offset), 1000 psi............... 36 32 44 38 
Compr Yield Strength (0.2% offset), 1000 psi......... 36 32 4] 38 
Shear Strength, 1000 psi...................0000.... 4] 35 44 38 
Bearing Strength (e/D= 2.0), 1000 psi .............. 98 88 103 94 
Bearing Yield Strength (e/D = 2.0), 1000 psi......... 62 56 73 67 
SE ee eee 5 3 6 3 
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tralize the embrittling effect of 
iron and sodium, and consistent 
results are practically ensured. 
Specific details of the new al- 
loy’s composition have not been 
revealed. However, the producer 
says that the new alloy is excep- 
tionally free-flowing and can be 
used to cast complicated designs 
by both sand and permanent mold 
methods with a minimum of re- 
jection rates. A typical permanent 
mold casting, a valve subject to 
7500 psi internal pressure, with- 
stood 10,000 psi with no failure; 
the same part cast of 356 alumi- 
num alloy, burst at 5600 psi. 


Strong at high temperatures 
Although the new alloy is 
specifically designed for high 
strength at room temperature, 
relatively good properties are 
observed at elevated temperatures. 
At 400 F, for example, the 1%-hr 
curve for Tens-50 sand castings 
reveals a tensile strength of 30,- 
000 psi and a yield strength of 
25,000 psi, as compared to 23,000 
psi and 19,000 psi for the 356-T6 
alloy. When exposed to 400 F for 
10 hr, the new alloy is said to 
retain the following percentages 
of room temperature properties: 


Sand castings 


Tensile strength........ 62% 
Yield strength ......... 712% 
Permanent mold castings 
Tensile strength........ 72% 
Yield strength ......... 12% 


Mechanical properties and sug- 
gested design minimums of Tens- 
50 sand and permanent mold cast- 
ings, and a comparison of proper- 
ties of forgings and castings are 
given in the accompanying tables. 
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Available as molded and formed paris .. . 


Insulation Has Radically Low Thermal Conductivity 


g@ A new family of thermal insu- 
lations 1s now available as custom 
molded and formed parts from 
Johns-Manville Corp., 22 E. 40th 
St., New York City. Called Min-K, 
the new type of insulation is said 
to have a thermal conductivity 
well below the conductivity of still 
air. It is designed especially for 
use in high speed aircraft and 
missiles but can also be used in 
industrial and nuclear applica- 
tions. 

Although the company has not 
revealed the composition of the 
insulating material, it does say 
that it is a “. . . nonmetallic in- 
organic material composed of 
silica, asbestos and other mate- 
rials.” It is also described as 
: . a bonded structure rein- 
forced with fibrous media and 
containing appreciable quantities 
of particle matter, the ultimate 
structural elements of which are 
exceedingly small.” 

The small elements that com- 
prise the insulation are said to 
create minute pores in the struc- 
ture which permit a large propor- 
tion of gas molecules to collide 
with the wall of the structure 
rather than with other molecules. 
Thus, the amount of heat trans- 
ferred by molecular gas conduc- 
tion (heat transference by col- 
lisions or interactions between air 
molecules having different ener- 
gies) is reduced considerably be- 
low that which would occur in a 
still air space. In addition, 
opaque media contained in the 
material effectively minimizes the 
transmission of radiant heat 
energy through the insulation. 
Missile, jet uses 

According to the producer, the 
insulation could conceivably in- 
crease the fuel capacity of a roc- 
ket or a missile by as much as 
20%, since it can perform the 
Same job of insulating in one- 
third the space required by con- 
ventional fibrous insulations. The 
thermal conductivity of Min-K is 
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said to decrease appreciably at 
lowered atmospheric pressures and 
consequently at higher altitudes. 
For instance, at an altitude of 10 
miles, which is a typical flying 
range for many rockets and mis- 
siles, the thermal conductivity of 
the insulation decreases by as 
much as 50%, with correspond- 
ingly larger reductions taking 
place at higher altitudes. 


Five types available 

Five types of Min-K insulation 
are available: four comprising 
the 500 series for temperatures 
up to 500 F, and one (so far) 
comprising the 1300 series for 
temperatures up to 1300 F. One 
insulation, Min-K 1301, is ex- 
pected to have a wide range of 
uses in the guided missile field. 
It can be used for extended 
periods of time at temperatures 
up to 1300 F, it has high strength, 
it has good resistance to vibra- 
tion, it is relatively easy to handle, 
and it can be formed to compara- 
tively close dimensional toler- 
ances. 

Johns-Manville engineers say the 


family of insulations could be 
furnished in combination with a 
reinforced plastics laminate for 
use in guided missile applications 
where thermal exposures are usu- 
ally restricted to a matter of 
minutes. (For comparative in- 
formation on conventional thermal 
insulations, see MATERIALS IN 
DESIGN ENGINEERING, Mar ’58, p 
119.) 

(more What's New on p 144 














PROPERTIES OF MIN-K INSULATIONS 
Type > | 501 1301 
PHYSICAL PROPERTIES 
Density, Ib/cu ft.......... 10 20 
Transverse Strength, psi...| 4 75 
Compressive Strength, psi 
5% Compression....... 16.5 94 
10% Compression....... 32.5 | 200 
Linear Shrinkage, %....... Nil l 
Min Thickness, in.......... Y Yy 
THERMAL PROPERTIES 
Max Service Temp, F...... 500 1300 
Ther Cond, Btu/hr/sq ft/ 
in./°F 
BEE cats Ones ba Hed 0.14; — 
a es 0.16 0.21 
ES ee — 0.23 
a K diate basen — 0.27 
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Fig 1—Effect of thermal shock on 
Fluorosint (right) and unmodified 
TFE (lefi). Parts were heated to 
700 F, then quenched in water. 





How wear test was run 
See p 152 


; , “SoA 
Fig 2—Assembled bearing tester 
showing spindle, sample holder and 
spherical air bearing in operating 
position. The deflection of the hori- 
zontal arms is measured by strain 
gages and recorded as coefficient of 
friction. 


PLASTICS SAMPLE 


or) 
Fig 3—Disassembled wear disk and 
sample holder as they appear at the 
end of a run. The wear track on the 
disk (left) is a plating of nylon 
which occurs at failure conditions. 





New Reinforced TFE Resin 


Has Good Wear Resistance 


@ Reinforcement seems to im- 
prove the thermal and dimen- 
sional stability and wear resist- 
ance of unmodified Teflon to a 
marked degree. 

This is the opinion of a number 
of observers (see MATERIALS & 
METHODS, Nov ’55, p 110; Jan ’57, 
p 148; and Apr ’57, p 135) in- 
cluding Polymer Corp. of Penn- 
sylvania, 2140 Fairmont Ave., 
Reading, Pa., which has come up 
with a new reinforced TFE resin 
exhibiting, it says, “. ..a two to 
fourfold improvement in dimen- 





This article is based on a paper by Ralph E. 
James, Jr., vice president, Polymer Corp. of 
Pennsylvania. 


sional tolerances of molded parts 
over unmodified TFE.” The com- 
pany calls its reinforced TFE 
resin Fluorosint and is making it 
available in pilot plant quantities 
as molded parts, rods, bars and 
tape. 
Other improvements 
Polymer Corp. has not revealed 
what the reinforcement in Fluoro- 
sint is but says: “The addition of 
the high temperature inorganic 
reinforcing agent used in Fluoro- 
sint has a negligible effect on 
dielectric strength, surface re- 
sistivity and density.” 
Other major property improve- 
(continued on p 146) 


BEARING CHARACTERISTICS OF FLUOROSINT 
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Wear Rate, mil/hr 














: Coef of 
PVs Load, psi Speed, rpm ns 
rnietion | Ist Hr Overall 
500......) 6.0... 83.3... | 
990...... | [) 3..;. 0.12 0.1 <0.1> 
4,950......| §9.5....| 83.3... 0.16-0.19 0.1 <0.1 
10,000......| 120.5... .| eee. i 0.20-0.30 0.5 <0.1> 
15,000...... | 98.5... | 152.0....) 0.34040 | <OJ> <0.1° 
20,000...... | B3L.5.....1 1528. ... 0.34-0.42 | 4.0 0.8 
“Load per sq in. of bearing area times velocity in ft per min. 
>Wear rates were too small to record on the equipment. 
MORE WHAT’S NEW IN MATERIALS 
Aluminum welding Lead-arsenic alloy........ 168 
techniques ............ 154 Asbestos-silicone 
Clear packaging tape..... 154 insulation ...........-: 170 
Phenolic laminate, resin. . 156 Aluminum sheet alloy.... 172 
Aluminum bus conductors 162 Irradiating polyesters..... 174 
Nickel-iron alloys........ 164 Fluoroscoping nonferrous 
Fluorocarbon laminate.... 166 CE Gi pou ceuksap ea 178 
Resistance of Viton rubber 166 Other news............+> 178 
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34,000 PSI 


20,000 PSI to 40,000 PSi_____} Cast Irons 


25,000 PSI 
10,000 PSI Strongest Steatites 
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DIELECTRIC = STRONG AS IRON 


75% OF TENSILE STRENGTH AT 2000° F 


Coors new AD-99 ceramic is non- 
porous 99.0% A1,0, with the amazing 
tensile strength of 34,000 psi — as 
strong as cast iron. It has 30% greater 
strength than the best commercial high 
aluminas of 96% to 98% AI.0,. It is 
particularly superior to any ordinary 
metals in strength at high temperatures 
—retaining 75% of its tensile strength 
or 20,000 psi at 2000°F (1100°C). 

Coors AD-99 is a superior dielectric 
material. At modern micro-wave fre- 
quencies, loss tangents are lower than 


those of plastics and all but one or two 
special ceramic materials—as reported 
by the Laboratory for Insulation Re- 
search, Massachusetts Institute of Tech- 
nology. At room temperature, the loss 
tangent is 0.00006 +0.00002 at 100 
me, less than 0.0001 at 300 mc, and 
0.00052 at 50 Kmce. 

These properties, combined with the 
excellent hardness and wear resistance 
of the alumina family, make this the 
most superior ceramic now available 
for commercial use. In addition, Coors 


AD-99 has complete, unequaled ho- 
mogeneity made possible only through 
the use of the Coors isostatic process.* 

Originally developed in Coors own 
laboratory especially for radome work, 
Coors AD-99 is now available on a 
commercial production basis for criti- 
cal electronic and mechanical appli- 
cations. We can make test parts for 
your developmental work at nominal 
costs. Production quantities can be 
supplied at prices only slightly higher 
than ordinary alumina ceramics. 


*Coors Porcelain Company operates under license for this patented process from Champion Sparkplug Company, Toledo, Ohio. 
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~ COORS PORCELAIN CO,, 676 M%h St., Golden, Cole. 
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Only the TINIUS OLSE 


Elecématic U.T.M. 
Gives von All of these 


rae SSS 










e Positive, reproducible 
testing speeds—even under load. 


@ Unlimited stroke in tension 
or compression. 


im 


@ 100 to 1 spread of 
testing ranges. 


e Four testing ranges 
with minimum overlap. 


e Change ranges during test 
with a flip of the 
SelecSrange switch. 





200,000 Ib. Capacity 
Split Cabinet Elecématic 


@ Dial indication for auxiliary load cells with full scale representing 

as little as 50 grams. 

@ Automatic load cycling and strain cycling controls for continuous cyclic testing. 
@ Automatic read-out of yield strength and ultimate load in pounds or psi. 

e Off-center loading of up to 12”. 

@ Single or split cabinet design. 

@ Available with built-in Electronic XY Recorder. 


@ Ample clearance for high temperature furnace, hot and cold cabinets and other accessories. 


© Used with any of largest selection of strain detecting instrumentation available. 


Get the full story about the incomparable Tinius Olsen 
line of Elecdmatic testing machines—available in 


capacities from 500 te 1,000,000 Ibs. 
Write for Bulletin 5¢ TODAY! 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2010 EASTON ROAD . WILLOW GROVE, PA. 





Trademark 
Rex. U.S. Pat. on. 


Testing and Balancing Machines 
For more information, turn to Reader Service card, circle No. 460 
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ments obtainable with Fluorosi 
parts are: 

1. A coefficient of thermal ex 
pansion one-sixth that of unmodi 
fied TFE—closely matching th: 
coefficients for aluminum, brass: 
and most nonferrous alloys. 

2. Three to four times the creep 
resistance of unmodified TFE. 
even at temperatures above 350 F. 

3. Good dimensional stability 
when heat cycled. Fluorosint parts 
heated to 700 F can be quenched 
in cold water with negligible 
change in dimensions (see Fig 1). 
Potential uses 

Fluorosint is said to be par- 
ticularly useful as an unlubricated 
bearing material for fractional 
horsepower motors, instruments 
and electric shavers. For instance, 
a Fluorosint sleeve bearing has 
operated successfully for four 


PROPERTIES OF FLUOROSINT: 














Unmodified | 
TFE | Fluorosint 
PHYSICAL 
PROPERTIES | 
Specific Gravity. 2.1-2.2 2.3-2.4 
Coef of Ther Exp, 
per °F 
70 Hr at140F..} 69x 105 1.1x 10° 
70 Hr at500F..} 9.7x105 1.7x 10° 
Flammability, in./ 
min...........]Does not burn) Does not burn 
Molding Tol., 
DFE «tan dee s +0.006-0.010; +0.003 
Dimen. Chg After 
Quenching at 
Ee in dines « Very Large | Negligible 
MECHANICAL 
PROPERTIES 
Ten Str, psi...... 1500-3000 700-1500 
Elongation, %.... 75-350 10-200 
Durometer Hard- 
OR is bald oat D 50-55 D 70-75 
Def. Under Load 
(1200 psi), % 
24 Hr at 300 F. . 14-18 3-5 
24 Hr at 400 F. . 22-30 4-7 
ELECTRICAL 
PROPERTIES 
Dielec Str, v/mil..| 450-500 450-500 
Vol. Res, 
ohm-cm....... 105 10 
Dielec Const 
(60-10% cps)....} 1.9-2.1 2.9-3.1 
Dissip Factor 
(60-10 cps)....} <0.0003 (0.0003- 
0.0005 











*A spread in values indicates normal prop- 


erty variations on molded items. 
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BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Brake Die saves shop time 
in forming overlap for steel spout 


The problem sounded simple enough — 
putting an overlap in a section of 20- 
kage stainless steel, which was then 
ormed into a spout for use in meat- 
packaging tables. But getting a tool steel 
vhich could do the job more economically 
han the grade formerly used was some- 
vhat of a challenge for the manufacturer, 
). B. Dove & Sons, Ine., Philadelphia. 
The answer was Bethlehem Brake Die, 
upplied by our loeal tool steel distribu- 
or, Hill-Chase & Co. Because of Brake 
ie’s easy machinability and good wear- 
*sistance, the new die minimized manu- 
acturing costs. It also helped in pro- 
vucing a better-looking product. Said 
me of the Dove engineers: “We like 


Brake Die. It’s doing a good job for us.” 

Brake Die, a special alloy steel, is oil- 
quenched and tempered to develop a fine 
balance of mechanical properties. It’s 
ideal where wear-resistanee, toughness, 
resistance to impact and good machin- 
ability are required. 


Typical Analysis 
Carbon 0.50 
Chromium 1.00 


Manganese 0.90 
Molybdenum 0.20 


Chances are there might be one or more 
applications in your shop right now 
where Brake Die steel could be used to 
good advantage. Why not talk it over with 
your Bethlehem tool steel distributor? 


Bettichom Steal 
a, 


How to Shrink-Fit 
Tool Inserts 


Shrink-fitting of tool steel inserts is a 
procedure which is being widely used to 
improve the service life of tools. Shrink- 
fitting is most applicable to rings and 
cylinders, such as are used in heading and 
drawing operations where the tools can 
be shrink-fitted into large retaining 
rings. The shrink-fit sets up radial com- 
pressive stress in the tool, which is 
available to oppose radial tensile stress 
set up in service, and thereby improves 
the performance as compared to solid 
tools which are not pre-stressed. Shrink- 
fitting of tools should be carried out as 
follows: 


1. The retainer must be of adequate 
diameter and strength to provide the 
stresses required on the tool insert. This 
generally means that an alloy steel 
eapable of hardening to approximately 
300/400 BHN must be used. Shock- 
resisting tool steels heat treated to 
approximately Rockwell C 48 to 52 are 
used on heavy duty applications. It is 
recommended that the OD of the retainer 
be a minimum of twice the ID (prefer- 
ably three times the ID). 


2. A shrink-fit allowance of .003/.004 in. 
per in. should be provided for. This means 
that the OD of the insert is .003/.004 in. 
per in. larger than the ID of the retainer 
into which it must fit. These dimensions 
must be carefully maintained in order to 
obtain the benefits of shrink-fitting. 


3. The OD of the insert and the ID of 
the retainer should have a smooth finish, 
preferably produced by grinding. 


4. The retainer should be heated to a 
temperature sufficient to cause the ex- 
pansion necessary to assemble the insert. 
Care should be exercised not to exceed 
the tempering temperature used in heat- 
treating the retainer. If necessary, the 
insert may be sub-zero cooled to aid in 
providing the clearance required for 
assembly. 


5. After assembly of the parts, cooling 
of the assembly should be rapid enough 
to prevent over-tempering of the insert 
by heat transferred from the retainer. 


For more information, turn to Reader Service card, circle No. 476 
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Simple for Die Casting — 
Complex and expensive 
by any other method 


How else could you maintain close 
tolerances, keep costs in line with 
mass production processes and still 
keep the design flexibility the job 
calls for? 


Only die casting can do it! 


The manufacturer who needed this 
part knew, from American Die Cast- 
ing Institute Product Standards,* 
that his requirements were within 
the capabilities of the process. Then 
he asked for application facts from 
Twin City engineers. By asking he 
saved money. 


When you plan parts that call for 
precision, accuracy, flexible shapes 

. . contact Twin City Die Casting. 
Twin City engineers can help you 
design for die casting to eliminate 
machining and finishing costs. They 
can take your part to any finishing 
stage you may desire thanks to Twin 
City’s complete facilities. 


For die castings, contact Twin 
City . .. you can probably save 
money. Many customers have. 

*Product Standards available from 
Twin City Die Castings upon request. 


»-- only DIE CASTING can 


M cut your costs 
M offer such flexibility 
M provide such accuracy 


LEADING DIE CASTERS IN THE UPPER MIDWEST 









° 
PARTICIPANT 


TWIN CITY DIE CASTINGS CO. 


3351 TALMADGE AVE. S. E. e MINNEAPOLIS 14, MINN. ¢ PHONE Mi 6-7528 


ony at e 


For more information, turn to Reader Service card, circle No. 480 
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months on a 24-hr basis at 450 F 
without failure. In addition, the 
new material can be used as a 
bearing material for a variety of 
chemical and plating equipment. 

Fluorosint parts should be use- 
ful on conveyors, sliding doors 
and other devices where long wear 
surfaces are involved. The rein- 
forced TFE resin also has poten- 
tial use as seals, gaskets, valve 
seats, pistons and piston rings. 
Because Fluorosint is sometimes 
microscopically porous, there is 
some question about its use where 
absolute seals are required, par- 
ticularly where gases are involved. 
Modifications are being developed 
which are expected to overcome 
this difficulty. 

The reinforced TFE resin may 
turn out to be a good insulating 
material for panel boards, cables, 
connector inserts and tube sockets. 
Fluorosint’s good electrical prop- 
erties, combined with its good 
bearing characteristics and di- 
mensional stability, make it an 
interesting material for switch- 
gear components, rotating and 
sliding electrical parts, and bush- 
ings and bearings in electric 
motors. 

Properties 

Dimensional stability—The chief 
advantage of Fluorosint is its 
ability to be molded to close di- 
mensional tolerances. According 
to the producer, run-of-the-mill 
tolerances for Fluorosint parts 





Fluorosint bearing as it looks afer 
four months of continuous operation 
at 450 F. Galling of the shaft re- 
sulted from failure of metallic bear- 
ings used previously. 
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example of FIBERITE at work... 





Award Winner! 


: _FIBERITE Phenolic Glass Helps Win an Award for 
| : Best Use of Materials in Product Design | 































Paul T. Barnes, Mechanical Engineer, is winner of an 
M/DE award for his redesign of the “‘Lar’’ rocket exhaust | 
nozzle. The nozzle section is molded of Fiberite No. 
4030-190. Mr. Barnes says: “In arriving at the use of the || 
Fiberite material many things were tested over nearly a 
year’s time. Fiberite satisfied our requirements. In addi- 
tion to satisfying application requirements Fiberite also lowered 
the cost.”’ | 

The nozzle is molded right in the rocket’s combustion chamber 
at low pressure. Results include: minimum erosion at extreme 
temperatures (on the order of 5000° F.) . . . leak-proof bond to 
asbestos liner under high pressure (on the order of 1500 p.s.i.) | 

. elimination of trouble-making ring seal needed with other | 
materials . . . simplified machining operations . . . structural | 








replacement of some metal for reduced weight . . . elimination 
of off-center thrust formerly caused by uneven erosion... 
reliability . . . improved performance. . . costs cut 30%. | 

Let Fiberite’s versatile reinforced phenolic or melamine help | 
you. Write, wire or phone for complete data on Fiberite formu- | 
lations. 





2 ee PRODUCT DESIGNER: Paul T. Barnes working with | 
CUT-A-WAY DRAWING Weapons Development Dept. of the U.S. Naval Ord- | 
nia in Pace ohare nance Test Station, China Lake, Calif. | 
glass No, 4030-190, MOLDER: Lee Deane Products, Norwalk, Calif. 
MANUFACTURER: Los Angeles Automotive Works, Los | 
Angeles, Calif. || 
MOLDING COMPOUND: Fiberite No. 4030-190, chopped | 
glass fiber impregnated with phenolic base resin, de- | 


ee ‘signed to meet government specifications MIL- 
M-19536. 


EASTERN OFFICE: WESTERN OFFICE: 
Edwin Keusch, 33 Oakland: “Riverdale Plastics, 8510 
ti, Loomteld, NJ, PL Werner Drive, Culver City, 


ie is ‘Colif., TE. 0-7733. 
CHICAGO OFFICE: 

Railway Exchange Building, CANADA: 

Michigan: Ave. at Jackson — The Bakelite Co., 40 St. Clair 
e Blvd, HAL 7-1164 Ave. E., Toronto 7, Ontario. 


FIBE ITE CORPORATION 


». Manufacturers:of Plastic Molding Compounds, 
“Main Office: WINONA, MINNESOTA: Phone 23165 
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Shown 1/18 actual size 


How missile designers can use 


HACKNEY deep drawing methods 


Shown here are a few shapes, shells and missile components pro- 
duced at production-line speed by Hackney Deep Drawing Methods. 
They were designed to reduce weight without sacrificing strength, 
save production or assembly time, and lower costs. 


If you wish to consider Hackney Deep Drawing Methods, keep 
in mind the following specifications and the fact that our engi- 
neers are available for consultation at any time. 


Shapes: Cylindrical, spherical, conical or tapered. 
Capacities: From 1 quart to 100 gallons. 
Diameters: From 3 inches up to 32 inches. 


Depths: Up to 110 inches. Two half-shells are easily welded for 
extra length or symmetrical design. Open ends can be closed by 
spinning to give an entirely seamless cylinder. 


Blank thicknesses: 16 gauge and heavier. 


Wall thicknesses: For working pressures up to 5000 psi in smaller 
diameters, up to approximately 400 psi in larger diameters. 


Metals: Steel, stainless steel, nickel, aluminum, magnesium, cop- 
per and many alloys. 


Send sketch and details of your problems to our Engineering Department. 


Pressed Steel Tank Company 


Manufacturer of Hackney Products 
1442 South 66th Street, Milwaukee 14, Wis. 


Branch offices in principal cities 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 





For more information, turn to Reader Service card, circle No. 422 
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are usually closer than +0.003 jp. 
per in, with variations of +0.(0] 
in. per in. for individual pieces. 
Close tolerances can be held for 
individual pieces if care is taken 
in tooling. 

Thermal eaxpansion—Fluorosint 
has a coefficient of thermal ex- 
pansion very close to that of alu- 
minum, brass, copper, magnesium, 
silver and most nonferrous metals. 
The material tends to “stay put” 
when used in mating metal com- 
ponents operating over a_ tem- 
perature range of —450 to 550 F. 
Unmodified TFE, because of its 
high thermal expansion, usually 
loses contact with the mating 
metals and causes insufficient seal- 
ing of the part. 

Electrical characteristics—The 
good dielectric strength, surface 
and volume resistivity, of Teflon 
have been retained in Fluorosint. 
Dielectric constant increases from 
2.0 to 3.0 and loss factor increases 
from 0.0902 to 0.0003-0.0005. 

Chemical resistance—Although 
chemical resistance tests are not 
yet complete, it is expected that 
Fluorosint parts will withstand 
most acids other than hydrofluoric. 
With the exception of molten 
alkali metals, strong bases should 
affect the material only slightly. 
Tests to date show the reinforced 
TFE is unaffected by organic 
materials other than a few fluori- 
nated compounds such as some 
Freons which cause slight swell- 
ing. 

Wear resistance — Unmodified 
TFE has very limited use as a 








Typical parts molded from Fluor0- 
sint reinforced TFE resin. 





THE CASE FOR 
INVESTMENT CASTING 


COST REDUCTION 


- DOLLARS IN MILITARY AIRCRAFT 
| _ The carrier based supersonic fighter has a dual personality—High speed 
nt : flight, low speed landing. Leading-edge flaps that help reduce landing 


speed are supported by investment-cast hinges. INVESTMENT-CAST FOR 
SUPERIOR PROPERTIES, UNIFORMITY AND AN 85% COST SAVINGS. 
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CHANCE-VOUGHT 
F8U-1 CRUSADER 


PENNIES IN AWNING GEARS 


High performance and corrosion resistance are required in awning 
; . actuator gears. Pennies are important here. Investment casting saves 
ot 50% over stock gear prices WITH DESIGN AND PROPERTIES 

=  e TAILORED TO THE APPLICATION. 
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As with most carbon, graphite or 


molded metal powder products 
made by Stackpole, recommend- 
ation of suitable grades for me- 
chanical seal applications is a 
matter of careful ‘‘custom” engi- 
neering. That’s where over 50 
years of specialized experience in 
this field really counts. Dozens of 
Stackpole standard grades are 
subject to almost infinite varia- 
tion for either rings or mating 
members. And Stackpole seal en- 
gineers know their way around in 
determining the best grades for 
almost any equipment or operat- 
ing condition. 

Send details of your seal ring 


needs for recommendation. 






q',@ 


“everything in carbon but diamonds” 


LOW-FRICTION 
Clutch Rings 


Stackpole carbon rings frequently 
replace ball thrust bearings with 
appreciable cost savings. 


STACKPOLE CARBON CO. 
St. Marys, Pa. 


Fer more information, turn to Reader Service card, circle No. 454 
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bearing material because it wears 
rapidly at ordinary speeds and 
loads. Fluorosint, on the other 
hand, while retaining the slippery 
feel and low coefficient of friction 
of unmodified TFE, has good 
wear resistance and can be used 
as an unlubricated bearing at PV 
values (load per sq in. of bearing 
area times velocity in ft per min) 
of 15,000 to 20,000. This value 
corresponds to that for oil-im- 
pregnated porous bronze bearings 
and is about 10 times higher than 
values obtained with nylon bear- 
ings operating in the same test 
fixture. 

Wear tests 

The wear resistance of Fluoro- 
sint, nylon and unmodified TFE 
was investigated by Polymer Corp. 
engineers in a thrust bearing 
testing device shown in Fig 2 and 
3 (p 144). The three materials 
were molded into’ thin-walled 
washers and run against a ground 
steel plate. 

The test shows that the useful 
range for nylon as an _ unlubri- 
eated bearing is below 5000 PV 
but above 1000 PV. Failure con- 
ditions in nylon bearings were 
accompanied by a heavy plating 
of nylon on the wear plate (see 
Fig 3). Unmodified TFE wears 
quite rapidly at 500 PV and is 
not usable at a PV of 5000. Fluoro- 
sint bearings perform well to PV 
values of 15,000 but wear rapidly 
at 20,000. 

Test results show that the bear- 
ings undergo a break-in period at 
the start of the test; a bearing 
often had 0.0001 to 0.0005 in. of 
wear during the first hour of 4 
test series. 

Fabrication 

The reinforced TFE resin is 
molded using techniques akin to 
those employed in powder metal- 
lurgy. Undercuts, radial holes and 
the like are difficult or impossible 
te mold. Overall size of pieces is 
presently limited to 4 sq in. in 
cross section and 2 to 8 in. in 
length. Larger parts, or those 
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a TEFLON’ TFE-fluorocarbon resins 


ars 7 . 

it for safe, reliable operation 

ro- 

PV Heat, vibration, flexing—these are factors that make ordinary. hose de- 

dly teriorate rapidly. Not so with hose of TrrLon* 'TFE-resin. It provides safe, 
reliable operation up to 500°F. under the toughest conditions. 


| 
ar- | ; | 
See the other advantages: Hose can be built to withstand 3000 psi and | 
at fl + . . . ‘ || 
‘i can handle superheated steam without failure. Chemicals in normal indus- | 
l . . my . mmnom . 1} 
trial use have no effect on TEE-fluorocarbon resins. Hose of TFE resin | 
of é hapa x : i || 
ie repels adhesion of sticky substances, is non-aging. It remains flexible at ‘F | 
—80°F., has been used even in liquid oxygen service. | 
So, for really reliable hose installations . . . for better market acceptance 
ts of your products . . . see what hose of ‘TFE resin can do for you. Call your | 
na hose dealer or write to: E. I. du Pont de Nemours & Co. (Inc.), Poly- | 
all chemicals Dept., Room 235, Du Pont Bldg., Wilmington 98, Delaware. | 
und In Canada: Du Pont Company of Canada (1956) Limited, P.O. Box 660, Montreal. | 
: , 
ible | 
} is *Tercon is Du Pont’s 
in registered trademark for its 
; fluorocarbon resins, including 
& ae f 
in the TFE (tetrafluoroethylene ) or 
ose resins discussed here. BETTER THINGS FOR BETTER UVING ... THROUGH CHEMISTRY 
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Available Now!! 
Reprints of 


MATERIALS IN DESIGN EN 
MANUALS 


Because of the great demand for the well-known Manuals that are 
widely used for reference purpos 
ENGINEERING Manuals have been reprinted for your use. These 
outstanding 16- to 32-page articles provide you with complete and 
useful information on the properties, characteristics and uses of 
engineering materials and finishes. 


The price is right! Only 35¢ for each reprint. On quantity orders, 
discounts are offered. To obtain your copies, indicate in the handy 
coupon below the Manuals you want. Orders will be filled as long 
as the supply lasts. 


Would you prefer receiving these valuable Manual reprints auto- 
matically each month in the future? If you are a subscriber to 
MATERIALS IN DESIGN ENGINEERING, then avail yourself 
of an additional service offered by our Reader Service Department. 
Let us add your name to our mailing list, and you will receive the 
next 12 Manual reprints, one each month, for the reasonable price 
of $4.00 per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 


VY Quantity VY Quantity 
....Wrought Phosphor Bron ...-Materials for Nuclear Power Reactors— 


es, MATERIALS IN DESIGN | 





10s 
| ...-Carbon and Low Alloy Steel Casti 

! ...Carburizing of Steals r tee 
...-Malleable Iron Castings 

...- Welding the Stainless Steels 


... Engineering Coppers 
.... High-Strength, Cow-All Steel 
+ or and we Metais : 


...- Short Run Press Formed Parts 
....Finishes for Plastics 

...How to Select a Wrought Stee! 
...- impact Extruded Parts 
....Pinishes for Metal Products 
....Nodular or Ductile Cast Irons 
..- Industrial Fibers 


PRICE 50c 

...-Meterials for Electrical Contacts 
...Gray lron aye 

.... How to Select and Specify Glass 
...Nickel Silvers 

...Hard Coatings and Surfaces 

.... Selecting Plastics Laminates 
....Hot Forged Parts 

... Solid Electrical Insulation Materials 
ha 1 oe All 
...Magnesium a oys 
....Conversion Coatings for Metals 
... Synthetic Rubbers 
....Titantum 
....Materials for Gears 
...Machanical Tubing 

.. Joining & Fastening Plastics 
...-Aluminum Alloy Castings 

... Thermal Insulation Materials 
...Ceramic Engineering Materials 
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| | Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 

G and would like to be put on your mailing list to receive 
each future Manual, when reprinted. Please start with the 
00 6:0 Simms tba issue. Upon receipt of your invoice, I will pay 
$4.00 for a year’s supply. 
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which do not lend themselves to 
TFE molding techniques, can be 
machined from rods or tubular 
bars, or stamped from strip. 


Three New Techniques 
for Welding Aluminum 


Three welding techniques for 
aluminum have been developed by 
Kaiser Aluminum & Chemical 
Corp., Kaiser Bldg., 1924 Broad- 
way, Oakland 12, Calif. 

1. Qualiweld was developed to 
produce consistently high quality 
welds by reducing porosity and 
dross. In this process an MIG 
welding gun is modified so that 
a mixture of argon and chlorine 
gases can be introduced down the 
contact tube directly into the 
inner core of the arc, thereby 
eliminating the effects of con- 
taminants. 

2. Econoweld was developed for 
low cost welding of bus bar and 
other low alloy aluminum sections. 
In this technique nitrogen re- 
places inert gas in the shielding 
atmosphere, and low flow inert 
gas is used in the contact tube. 

3. Chlorecon was developed for 
low cost welding of all weldable 
aluminum alloys. This technique 
employs a low flow of inert gas, 
such as argon containing a small 
amount of chlorine, down the con- 
tact tube with a low flow of inert 
gas through the nozzle in the 
outer shield. 


Clear Packaging Tape 
Is Easy to Apply 


A general purpose pressure 
sensitive tape, said to be resistant 
to many acids, moisture, alkalis 
and solvents, has been introduced 
by Minnesota Mining & Mfg. Co., 
900 Bush St., St. Paul 6, Minn. 

Called Scotch brand Paklon No. 
681, the tape is transparent, non- 
flammable and printable. It has 
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| “ aA part of your future 


WERNER Aluminum EXTRUSIONS perform critical functions, achieve the high standards 
required for maximum product and production efficiency. Leading manufacturers of appliances, trailers, | 

curtain walls, aircraft, etc. depend on WERNER EXTRUSIONS for precision tolerances, consistent 
quality control and delivery to meet their production schedule. If your present or future product requirements include 
extruded aluminum parts—contact WERNER Aluminum. Sales representatives located in principal cities. 
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WHEN 
iene LUBRI-TIPS 


HEAT 

OR 

COLD 
COMPLICATES 
FRICTION 
PROBLEMS 

— You Need Molykote® 


Starting down at -300° F and working all the 
way up to a hot 750° F, MOLYKOTE Lubricants take 
in stride tough E.P. friction problems all along the way. 
That’s a working range of lubrication efficiency span- 
ning more than one thousand degrees! e 

There’s a MOLYKOTE type to fit many friction stainless 
problems and, in terms of their ability to do the job, 


they’re the least expensive lubricants on the market wire products 


today. You can’t afford to be without them. 












NUMBER TWO IN A SERIES 
























le aah toad tas of Types 410, 420, 430, 440-A, 440-B, 440-C give you 
away for our new cata- extra fabrication ease when you use WEBB. 






log, “BREAKING LUB- 
RICATION BARRIERS” | 
(Bulletin 110). The i 44:4:8, Ald 

Alpha-Molykote Corpo- 


ration, 65 Harvard 
Ave., Stamford, Conn. Division of The CARPENTER STEEL CO. 


New Brunswick, N. J. 
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le WORLD Bé€STOS 


help you 


in the design and production of 


VAl-i. 7 -Se re), | 


DAMPERS 
or 


SNUBBERS 


MOLDED 
FRICTION 
PARTS 


SPECIAL 
CLUTCH 
FACINGS 


TRANSMISSION 
LININGS 


LA 


@ World Bestos offers you more than 30 years’ engineering and 
manufacturing experience in the producion of molded friction parts. 
Chances are our immense resources and facilities can supply you with 
molded parts and friction components—to meet your requirements— 
at a savings in both time and money. 





@ Send your blueprints (or samples) for prices and delivery information to WORLD 
BESTOS, Industrial Products Section, New Castle, Ind., Phone: 2360. 
Write for free illustrated folder, 


WORLD BESTOS we cass, moins 


First’ f serervenmser une sso coc 


Facings * Vibration Controls « Sheet Packing 
TIRE & RUBBER COMPANY 
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Transparent tape is designed for 
industrial packaging. 


an adhesion of 40 oz per in. of 
width and a tensile strength of 25 
to 35 lb per in. 

The tape is recommended for 
light to medium industrial pack- 
aging uses. According to 3M, a 
special treatment on the tape per- 
mits the user to remove it easily 
from the roll. 


Phenolic Laminates 
Hold Up at 500 F 


A demand for more heat re- 
sistant plastics aircraft parts than 
presently available has resulted 
in the development of a new heat 
resistant phenolic laminating res- 
in and an asbestos-base phenolic 
laminate. The resin was devel- 
oped by Barrett Div., Allied 
Chemical and Dye Corp., 40 Rec- 
tor St., New York City, and the 
laminate was developed by Con- 
tinental-Diamond Fibre Corp., 
Newark, Del. Both the resin and 
the laminate have good high tem- 
perature properties (500 to 600 F) 
and are particularly suited for 
use in missile and aircraft parts. 

Interest in reinforced phenolic 
aircraft parts has been growing 
ever since the operating tempera- 
tures of aircraft have been in- 
creasing beyond the capabilities 
of glass-reinforced polyester parts. 
(For more detailed information 








ARE ALUMINUM 
COLD FORGINGS 
ECONOMICAL 
ONLY ON COMPLEX 
DESIGNS? 


















The answer is NO! Here’s a typical 
product relatively simple in design and with 
no unusual production problems, Originally 
turned from solid bar stock, the 

components were later made from hot forgings. 













With a wide-awake eye to costs, Aeroquip manage- 
ment investigated Hunter Douglas aluminum cold 
forgings. Now completely cold forged from 
2014-T6 aluminum alloy, these components not 
only prove more economical dollar-wise, but have 
eliminated a costly inventory problem! 

Shipments are now met promptly with less money | 

tied up in stock because of Hunter Douglas’ | 

ample production capacity and rapid delivery | 
schedules. In addition, product quality with the 
aluminum cold forgings has noticeably improved, 


















Nipple, nut and socket 
of Aeroquip Detachable 
and Reusable Fittings 
for flexible hose lines 

| currently used in piston 
| and jet aircraft plumb- 
ing. Four sizes from 1” 

through 2” are available. 





Get full details on Hunter Douglas 
Aluminum Cold Forgings 











If your components can benefit by high strength, 
precision tolerances, absence of porosity, zero draft and 
improved surface finishes, investigate Hunted Douglas | 
Aluminum Cold Forgings! A comprehensive 

treatise is available to letterhead requests. Write | 

for “The Story Of Aluminum Cold Forgings? 






















Hunter Douglas Aluminum 


co 





DIVISION OF BRIDGEPORT BRASS COMPANY * Dept. MDE-5, 3016 Kansas Avenue, Riverside, California 
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© AIDS LUBRICATION 
© UNIQUE STABILIZATION 
® ALLOYS READILY 











Metallurgists and engineers in many in- 
dustries are making startling advances 
through use of INDIUM in one or more of 


its various commercial forms: 


© Indium metal (specially refined 


QUALITY 99.999% pure) 


Indium metal (99.97% pure) 


at the Indium Corporation hdl, wise 
of America means purity 


“‘Indalloy” intermediate solders 
of metals, and strict ad- 


Indium pellets 
herence to specifications. 


SERVICE 


means prompt delivery to 
customers, and technical 
help in specific uses of 


Indium powders 
Indium foil and ribbon 
Indium spheres 


Other high-purity metals 


Why not write us and investigate the 


Indium. possibilities for your product ? 
RESEARCH 
means “forward looking “ 
with respect to new prod- WRITE TODAY to Dept. E-458 for new 
ucts and new techniques. bulletin INDALLOY” Intermediate Solders 
nn LNDIUM CORPORATION OF AMERICA 


1676 LINCOLN AVE. . UTICA, NEW YORK 


Since 1934 Pioneers in the Development 


and Application of Indium for Industry 
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PROPERTIES OF V-204 LAMINATE: 








——— 


ORIGINAL PHYSICAL PROPERTIES 


Tensile Strength, psi... 53,000 
Compressive Strength (edgewise), psi. .50,000 
Flexural Strength (flatwise), psi .. 80,000 
Modulus of Elasticity, psi ... 4.2 x 106 
Specific Gravity... ... ‘aude 
AFTER HEAT AGING AT 500 F 

Tensile Strength (100 hr), psi. . 46,000 
Compressive Strength waren 

100 hr), psi....... ..... 37,000 
Flexural Strength (atwise) psi 

Y% Hr.. bw scaece sD 

100 Hr. is cana 59,000 
Modulus of Elasticity, psi 

eee .. 3.3 X 168 

100 Hr... .3.2 x 106 





aResin content: 23%. 


on reinforced phenolics see MATE- 
RIALS & METHODS, Nov ’53, p 87 
and Feb ’56, p 103.) 
Barrett’s resin 

Plaskon Laminating Varnish 
V-204 is the name given to Bar- 
rett’s new phenolic resin. It was 
developed specifically for the fab- 
rication of lightweight aircraft 
parts which exhibit high strength 
at 500 to 600 F. Barrett says the 
resin has better heat resistance 
than any heat resistant phenolic 
previously available. 

Uses—Plaskon V-204 has been 
field tested and is currently used 
in aircraft and missile parts in 
the form of asbestos and glass- 
reinforced laminates, glass honey- 
comb structures, and matched 
metal die and vacuum bag shapes. 

Fabrication—The company says 
that vacuum bag molding at 12 
to 14 psi, laminating at pressures 
from 100 psi to as high as 2000 
psi, and matched metal die mold- 
ing at even higher pressures are 
all feasible with Plaskon V-204- 
impregnated materials. Modifica- 
tion of the conventional vacuum 
bag molding process is necessary 
to permit the removal of volatiles 
and the water of condensation 
generated by the cure of the 
phenolic resin. A number of pres- 
ently used aircraft parts are fab- 
ricated by this method, including 
radomes, missile heads and com- 
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DO YOU HAVE AN IDEA... 


THAT SOME FUNCTIONAL 
METAL PART COULD BE 
MADE BETTER OR CHEAPER 
BY ALUMINUM EXTRUDING? 


Bring your idea to specialists in 
adapting aluminum extrusions to 
new functional parts applications. 
G. E. |.’s engineers are ready to 
consult with you, without obliga- 
tion, on one part or a million. 


GENERAL EXTRUSIONS, INC. 
4040 LAKE PARK RD., YOUNGSTOWN, OHIO 





for ENGINEERING and 
CHEMICAL PURPOSES 


By “controlled” we mean that every step in alloy- 
ing, molding, pouring and cooling is under 
careful supervision of trained men in our own 
plant. ... So, if you require non-ferrous castings 
(large or small) to meet any of the following 
conditions, you are safe in bringing your prob- 
lems to us: Corrosion Resistance; Strength in 
Tension and Compression; Hardness and 
Toughness; Pressure Tightness; Erosion Re- 
sistance; Frictional Wear Resistance or Fatigue 
Resistance. 


Would you like a copy of our famous 48 page 
flexible-bound Reference Book entitled, “Bronze 

Alloys”? if so, write us on your business 
letterhead. 


AMERICAN MANGANESE BRONZE 


COMPANY 


4704 Rhawn St, Holmesburg, Philadelphia 36, Pa. 


ESTABLISHED 1909 


For more information, turn to Reader Service card, circle No. 463 


*carbon-graphite “™ 


especially designed 
for mechanical 
applications 


Where lubrication 

is a problem on 

bearings, seals, blades @ 

and similar sliding or rotating parts, 
PUREBON is often the ideal solution. 


PROPERTIES OF PUREBON 


1. Stable at high temperatures. 2. Moldable 
to size. 3. Light weight. 4. Low cost where 
moldable to size. 5. Readily machinable. 

6. Chemically inert. 


REQUEST BULLETIN NO. 
58 OR SEE SWEET'S 
PRODUCT DESIGN FILE 


PURE CARBON CO., INC. 


448 HALL AVENUE 
ST. MARYS, PENNSYLVANIA 


For more information, turn to Reader Service card, circle No. 393 
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thermal safety. 


Hotter than fire . 


ROKIDE* coating protects the 
“Explorer” through temperatures 
from 600°F to 150° below zero. 


Completing its orbit every 118 minutes, 
the “Explorer’’ speeds between blazing 
daylight and black night every hour, 
through temperatures ranging from 600°F 
to 150°F below zero. 


The resultant thermal risks, especially 
to instruments, are enormous. By strip- 
ing the satellite’s nose cone and instru- 
ment section with ROKIDE ‘‘A”’ aluminum 
oxide spray coating, Jet Propulsion Lab- 
oratory scientists were able to maintain 
a safe internal temperature range. 


ROKIDE “A’’, “ZS” and “Z” coatings 
are hard, crystalline refractory oxides. 
These Norton developments have high re- 
sistance to excessive heat, abrasion and 
corrosion that has proved valuable not 
only in reaction motors and AEC proj- 
ects, but to general industry.......... 


Circling the earth, the “Explorer” orbits at 18,000 miles per hour from 
sunlight to darkness, at altitudes varying from 200 to 1600 miles. 
Inset shows white stripes of Norton ROKIDE “A” applied to help assure 





.. Colder than ice 


aaa in applications involving electrical 
insulation, electronics, bearing surfaces, 
erosion resistance, chemical barriers, ma- 
terial upgrading, surface catalyst activity 
and altering emissivity and characteris- 
tics of surfaces. 


Facilities for applying ROKIDE coatings 
are maintained at Norton Company, 
Worcester, Mass., and at its plant at 2555 
Lafayette Street, Santa Clara, Cal. For 
the latest ROKIDE Bulletin write to 
NORTON COMPANY, 704 New Bond Street, 
Worcester 6, Massachusetts. 





NORTON PRODUCTS Abrasives « Grinding Wheels « Grinding Machines « Refractories « Electrochemicals 
BEHR-MANNING DIVISION Coated Abrasives « Sharpening Stones « Pressure-Sensitive Tapes 
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plex-shaped — structural 


parts. 


aircraft 


Laminates, parts 

Continental - Diamond Fibre 
Corp.’s phenolic laminate is made 
from extra long staple nonferrous 
asbestos fibers that have been im- 
pregnated with a heat resistant 
phenolic resin. In addition to the 
laminate, the company is making 
available molded tubes, rods and 
parts made of the same heat re- 
sistant phenolic combined with 
suitable types of asbestos fibers. 

The laminates, called Dilecto, 
and the molded parts, called Celo- 
ron, are said to withstand 6 to 
10-sec exposures to 3500 F, 60-sec 
exposures to 2500 F, intermittent 
exposures to 900 F, and continu- 





Honeycomb structure impregnated 
with Barrett’s V-204 phenoli¢e resin 
is used in high temperature aircraft 
applications. 





Fabricated parts made from Dilecto 
asbestos-phenolic laminate (right) 
and Celoron molded tubing (left). 











Enjay Butyl is extruded over the full 
length of the conductors used in General 
Electric’s new Type DE Busway, the first 
busway designed specifically for aluminum. 
This new busway incorporates all 22 
features that engineers consider important 
in busway design, yet it is up to 30% 
smaller and 50% lighter than other busways 
of comparable rating. 


Enjay Butyl rubber is ideal for use as 
continuous insulation of tubular conductors 
because of its inherent resistance to ozone 


When Enjay Buty] is used as continuous insulation of tubular aluminum conductors, 
traveling arcs are virtually eliminated, plug outlets are essentially dead-front. 


ENJAY BUTYL 


helps keep costs low in new Aluminum Busway! 


and to heat aging. Add Butyl’s excellent 
electrical properties, its vuleanizability and 
the fact that it is the lowest cost rubber on 
the market—and you’ll understand why 
it was chosen above all other rubbers to 
do this job. 


Every day manufacturers are discover- 
ing new ways to use economical Butyl. 
Find out how Enjay Butyl rubber can cut 
production costs for you. For further in- 
formation and expert technical assistance, 
contact the Enjay Company. 


Pioneer in Petrochemicals 


ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. 
Akron « Boston * Charlotte + Chicago * Detroit + Los Angeles * New Orleans * Tulsa 


For more information, turn to Reader Service card, circle No. 528 


BUTYL 


Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging « abrasion « 
tear « chipping « cracking « 
ozone and corona « chem- 
icals * gases * heat « cold « 
sunlight « moisture. 
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Whitehead Cael : * ' AY | PROPERTIES OF DILECTO LAMINATES 
“Supermarkets” ORIGINAL PHYSICAL PROPERTIES : 7 




















Tensile Strength, psi. .... 50,000 
Flexural Modulus, psi..... 5.5 x 106 
| Flexural Strength, psi.......... 55,000 
| RETENTION OF PROPERTIES 
| 
























AFTER HEAT AGING 
/ Flexural Strength, % 
ee) ree ee 
| | Seer 
| Og |. Sore) . 60 
| are 4] 
| |} | rere 22 
Flexural Modulus, % 
TOOL AND JIG PLATES WELDING ROD | 200 Hr at 300 Fo. - es cecsecceeseee. 87 
Cal Alain ‘Adiininaitaed ae : One-stop service for all you need in Alu- nce. ..ti#ww.... 
‘ , they are stress minum, Copper Alloys, Nickel Alloys 00 500 F 
| relieved, non-porous, corrosion- and all major types of welding rod and 200 Hr at teseseseseceseeeeceall 
| resistant, easily machined. Available | wire. A full line of soft solders and silver |_| btw SEEAESEERSSESSES SS. 
| in standard size (48" X 96") in 13 | brazing alloys, too. Technical service and | Ye Hrat lOOOF.............. + 36 
i | thicknesses, or cut to your specifica- complete literature on request. 
i i tions. Folder available. 











ous exposure to 500 F. 
Uses—Specific applications in 
use or under evaluation by air- 


(Zan ” 





~, 





























Q % craft and guided missile manu- 
Va Fo | O facturers are: missile fins and 
oO VALVES exhaust columns, rotor and com- 
All diajor tyees are available pressor blades in jet engines, 
| FOUNDRY ALLOYS B fro@ stock in Aluminum, In- missile nose sections, heat and 
tae = Be ony ey — — pee and Stain- flame barriers, insulators on roc- 
~ ; : é ess Steel (and plastics, too). i ee neleah San 
dustry—available in hand- Write for descriptive literature. | ket nozzles, liners in rocket en 
fuls or carloads off-the- ae gines, honeycomb structures, hot 
shelf. Technical service, 
too. Write for “Foundry Sella | 
” . —————— 
Alloy” Bulletin FA1. 
a 





Po ARCHITECTURAL SHAPES 
\ Z Copings, gravel stops and door 
a ais saddles are just a few of more 


than two hundred Alcoa alumi- 
num shapes available off the 


f These “Plus Items” and many more ot a coer queen 
are available in addition to a wide Pe * ue apes. Monel, stainless 


| selection of corrosion-resistant sheet, and Copper roofing items com- 
| rod and tube. plete the Whitehead line of 


architectural materials on hand. 





























All told, there are more than 20,000 items distributed and serviced by Whitehead. 
All are available, off-the-shelf, from the nine Whitehead Metal “Supermarkets.” All 


- on Ln ghey -elaypgmmaae producers as Alcoa, Anaconda, Inco & Crucible Rineatetiaes bein, quitter 


vey Aluminum Co. says the bus con- 
ductors shown above are the largest 
ever extruded. They measure 4% x 
20 in. in lengths up to 43 ft. The 
company says the surface finish of 
the extruded product is better than 








i When you call Whitehead you get fast service, and frank, unbiased help in 
selection. Technical service when you need it. Add it up and you'll find it pays to 


Other Offices and 











| ants mes that of conventional rolled bus con- 
| HARRISON, N. J. © CAMBRIDGE, ductors, and conductivity is improved 
MASS. ¢ SYRACUSE « BALTIMORE because the grain flow is in one 
ROCHESTER * WINDSOR, CONN. direction. When installed, the bus 
é conductors will carry 90,000 to 
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REDESIGN 


FROM CASTING 

TO STAMPING 
CUTS i is 

me | CUSTOMER’S 





Formerly a casting was used involving machin- 
ing and drilling at $1.76 each. Converted to a 
stamping, the part was blanked, punched and 
formed at only $81.00 for the first 100 pieces. 
Subsequent 100 lots cost only 13¢ each—a 93% 
saving for the customer. 

WILL STAMPINGS DO YOUR JOB BETTER? .. . Analyze 

your production parts. Then send a sketch, blueprint or 

sample, plus quantity, for prompt quotation. 


DAYTON ROGERS 


MINNEAPOLIS 7X, MINNESOTA 








with 


BEAD CHAIN 

















CONTACT 
PINS - 
=> BUC 
SS MINIATURE PARTS 
TERMINALS Contact pins, terminals, jacks or 
any small tubular parts. Maximum 
Y%4"' diameter x 1%" length. 
e3(=(= Send sketch for quotations. 
JACKS 


BEAD CHAIN DRIVES 


l- ~ Low-speed positive drives or motion transfer 
- ... at far less cost! 





FRICTION 
ie CONTACTS 

















5 ny ER" Send for Multi-Swage or 


Bead Chain Drive Catalogs! 


THE BJEAD CHAIN MFG. CO. 


15 Mountain Grove St., Bridgeport 5, Conn. 
















For more information, turn to Reader Service card, circle No. 413 























From Designing to Final Inspection... 
Over 35 Years of Specialization Assures 
the Quality of Your Plastic Components 


Mack Custom 

Moiding Service 
Includes the facilities of three 
completely equipped plants. 
Mack design and production 
engineers are familiar with the 
problems involved in molding 
intricate precision industrial 
parts and functional compon- 
ents for consumer products. 


From Biueprint 

to Delivery 
Mack will work with you from 
the planning stage right 
through to final delivery. For 
assistance on specific require- 
ments, just call or write: Mack 
Molding Company, Inc., 
Wayne, New Jersey. 


Serving Industry for Over 35 Years 





MACK 





Three plants to help with 
your plastic problems: 


















"WATERLOO, P.Q., CANADA 


For more information, turn to Reader Service card, circle No. 409 
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IS NOW AVAILABLE 


FROM S? OcK 








talum from the shelf. 


quality tantalum sheet. 


If you are a RESEARCH ENGINEER... meet your devel- 


| opment schedule by calling on Fansteel’s stock program. 


If you are a METHODS OR PROCESS ENGINEER... 


Our new stock program makes it easy for you to get Fansteel 


speed your pilot or pre-production runs by requisitioning tan- 


If you are a PRODUCTION ENGINEER... broaden your 


flexibility by relying on Fansteel’s stock to get production 


moving. Keep it rolling by a mill order delivered on schedule. 


IMMEDIATE 
DELIVERY ol 
| ON THESE \ ‘oogy 
: | FIVE .007” 
| | MOST USED \| .9190” 
i SIZES 
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WE’LL RUSH YOU PRICE BULLETIN 


Call, wire or write for new 
price bulletin just released. 
Contains complete prices for 
both tantalum stock items 
and special mill runs. 


FAN 


For more information, turn to Reader Service card, circle No. 488 
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FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A 
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air baffles, and molded structures 
exposed to the direct blast from 
burning rocket propellants. 

Properties — The asbestos-phe- 
nolic laminates and parts (high 
pressure types) are said to have 
good mechanical strength at low 
and high temperatures, low poros- 
ity, good dimensional stability, 
good chemical and water resist- 
ance, a smooth and nonabrasive 
surface, high impact strength. 
and good insulating and thermal] 
properties. 

Fabrication—Dilecto laminates 
and Celoron molded parts can be 
fabricated and machined by con- 
ventional methods, including drill- 
ing, milling, tapping, sawing, 
countersinking, counterboring and 
threading. Laminates up to 1/16 
in. thick can be cold punched by 
conventional techniques. 


Nickel-Iron Alloys 
for Electronic Devices 


Four high permeability alloys 
are now available as thin strips 
in thicknesses from 0.002 to 0.006 
in. and in widths from 4 to 344 
in. from Carpenter Steel Co., 
Reading, Pa. The alloys, HyMu 
80, Hy-Ra 80, High Permeability 
49 and Hy-Ra 49, are used for 
such electronic devices as magnet- 
ic amplifiers, transformer cores, 
tape wound toroids and magnetic 
shields. 

HyMzu 80 is an unoriented 79% 
nickel-iron-molybdenum alloy that 
is said to offer extremely high 
initial permeability and maximum 
permeability at very low magne- 
tizing forces with minimum hys- 
teresis loss. 

Hy-Ra 80 is a 79% nickel-iron- 
molybdenum alloy _ specifically 
processed to exhibit a square 
hysteresis loop. It is said to have 
high initial permeability and 
maximum permeability with low 
hysteresis loss. 

High Permeability 49 is an un- 
oriented 49% nickel-iron alloy 


For more information, circle No. 415 ? 
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is your problem We a | 
| 





resistance! 


NATIONAL HTM CASTINGS 


are the answer 

















There are many reasons for specifying HTM | 
(Pearlitic Malleable) castings. One is extreme wear | 
resistance under heavy loads at high speeds. 

But there are many other reasons, too. For example, close 
as-cast tolerances can often eliminate machining operations | 
such as on the gear teeth shown above. In this case, it was only necessary | 
to drill and machine the key slot. | 
Other worthwhile advantages of HTM are high ultimate strength .. . | 
di excellent non-seizing bearing qualities that can eliminate costly bushings | 
. air or liquid quenching . . . ability to be smooth-finished. | 
So when you're looking over the materials field, don’t overlook the advantages of HTM castings. | 

For HTM metal can be cast by either the shell mold, COs, or green sand method. This means production 

costs tumble... performance and saleability of your product go up. a 





IMPORTANT PHYSICAL PROPERTIES 
































Brinell 163 to 302* 
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tablished 1868 Cleveland 6, Ohio ethan, met 4 - 70,000 << Haan 
The nation’s largest independent producer of malleable and pearlitic malleable Elongation, % 7 9 @° ® 




















nited 
tates 








ane) 











asket 7i:itics Division of 


we Barf 


Design to use Chemiseal Nylon (du Pont ZyTEL) for those 
mechanical and electromechanical parts that must be 
strong, durable, wear resistant. It has the highest com- 
pressive strength, is the most rigid, has the best resistance 
to heat, abrasion, chemicals, solvents, oils and greases. And 
it is the lowest priced of the standard nylon compositions. 

Coupled with U.S.G.’s Injection Molding ‘know-how’ — 
Chemiseal Nylon assures you the lowest cost, precision 
parts, in volume production. And we specialize in handling 
designs difficult to mold. 

U.S.G. Nylon service goes all the way—offering not only 
injection molding of parts but also a complete stock of 
bubble-free Nylon rod, standard and pressure tubing, tape 
and extruded shapes. In addition, extensive, specialized 
facilities for high speed automatic machining of parts from 
stock to your specifications. 


For prompt service, contact one of The Garlock Packing Company’s 
30 sales offices and warehouses throughout the U.S. and Canada, 
or write 


United States Gasket Company 
Camden 1, New Jersey 


GARLO CK 


For more information, turn to Reader Service card, circle No. 535 
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which has a saturation flux den- 
sity of approximately 16 000 gauss 
after hydrogen annealing. 

Hy-Ra 49 is an oriented 49% 
nickel-iron alloy specially proc- 
essed to exhibit a square hystere- 
sis loop. After hydrogen anneal- 
ing, a square hysteresis loop is 
produced when the magnetic field 
is parallel to the cold rolling di- 
rection. 


Fluorocarbon Laminate 


International Resistance Co., 
401 N. Broad St., Philadelphia 8, 
has introduced Fluoroply-F, a 
fluorocarbon-base plastics lami- 
nate, for printed circuit applica- 
tions. The laminate is said to have 
good dielectric properties, good 
high frequency’ characteristics 
and an arc resistance of more 
than 360 sec. The fluorocarbon 
plastics laminate can be readily 
cold punched, drilled and ma- 
chined. 


How Solvents, Acids 
Affect Viton Rubber 


Additional information on the 
chemical resistance of a relatively 
new fluoro-elastomer, Viton, has 
been released by E. I. du Pont de 
Nemours & Co., Inc., Wilmington, 
Del. These data are shown in an 
accompanying table. Other data, 
taken from tests conducted by the 
company and by Wright Air De- 
velopment Center, show that it 
takes 24 hr instead of 8 hr to 
produce brittleness in a Viton 
sample exposed to a temperature 
of 600 F. Brittleness data at other 
temperatures, namely 400, 450, 
500 and 550 F, are essentially the 
same as reported in the July ’57 
issue of MATERIALS IN DESIGN EN- 
GINEERING (p 96). 

Viton, a copolymer of vinylidene 
fluoride and_ perfluoropropylene, 
has outstanding resistance to heat 
(temperatures over 400 F), aro- 
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How Armco ALUMINIZED STEEL Type 2 Cut Costs 
and Improved Durability of Air Conditioner Housing 


Special hot-dip aluminum-coated steel provides low-cost resistance to atmospheric corrosion, eliminates need for paint 


A leading manufacturer of air conditioners formerly made 
the housings for the condenser units from cold-rolled steel. 
They had to be painted inside and out for surface protection 
and good appearance. Now, with all sheet metal parts made 
of Armco ALUMINIZED STEEL Type 2, only the outside is 
painted—and that because of a color identification of long 
standing. 


Production Costs Down 


Elimination of paint on the inside of the housing has re- 
duced paint and labor costs 50%. And shop men report that 
with moderate care, parts can be fabricated of ALUMINIZED 
STEEL just as easily as with uncoated steel. 


Better Durability 


Originally the decision to use ALUMINIZED STEEL was based 
on tests which showed no rusting after 15 years’ continuous 
exposure in an industrial atmosphere. Now service records 
prove that even under severe conditions the ALUMINIZED 
STEEL housings have lasting resistance to rust and corro- 


sion, provide much longer service life. 

Save on your production costs and give your outdoor 
products customer-attracting durability with the multiple 
advantages of Armco ALUMINIZED STEEL Type 2. Just fill 
out and mail the coupon for complete information. 


ARMCO STEEL CORPORATION 
1628 Curtis Street, Middletown, Ohio 


Send me design and fabrication information on Armco 
ALUMINIZED STEEL Type 2. 


We are considering it for... = 


NAME_ aan 
COMPANY — 
STREET. 
CITY ZONE STATE 
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ARMCO STEEL Wi 


ARMCO STEEL CORPORATION «+ 1628 CURTIS STREET, MIDDLETOWN, OHIO 







SHEFFIELD DIVISION * ARMCO DRAINAGE & METAL PRODUCTS, INC. © THE ARMCO INTERNATIONAL CORPORATION 
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Electronic Bushings, 


| H A V E Y 0 U — 
CONSIDERED [iim 
THE IMPORTANT 


ADVANTAGES OF 


FILLED TEFLON*? 





Rod & Tubing 













Formed 
Gaskets 


Valve 

Seats 

and 
Packings 





It has been definitely established that the value of Teflon can be 
considerably enhanced by the use of fillers in certain applica- 
tions. Laboratory and field experience has demonstrated that the 
use of fillers permit Teflon to be more readily tailored to a wide 
variety of chemical, electrical and mechanical applications. Also, 
some mechanical properties can be improved. These include: 





1) resistance to deformation under load 
2) resistance to wear 

3) thermal conductivity 

4) compressive strength 

5) hardness 


By thus improving its properties, Teflon now offers even greater 
industrial potential. This is the reason filled Teflon has become 
an important item in the “John Crane” Chemlon® line of better 
| Teflon products. 

Chemlon is available with such fillers as glass fiber, carbon, 
in graphite, copper and bronze, talc, calcium fluoride and other 
wd inorganic materials. 





¢ 
| 


/ Crane Packing Company, 6460 Oakton Street, Morton Grove, 
| Illinois, (Chicago Suburb). tn Conodo: Crane Pocking Co., Ud., Hamilton, Ont 


| / *DuPont Trademark 


| - | ZS 
| = \\ \\ ne - Y 
TEFLON PRODUCTS 


MECHANICAL PACKINGS SHAFT SEALS LAPPING MACHINES THREAD COMPOUNDS 
Om ae: a, eee oe: ee Ons GE ee Oo © | a ee 
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EFFECTS OF FLUIDS ON VITON 





— 














Ten 
Str | Elong| Vol 
Chg, | Chg, | Chg 
%|%| % 
SOLVENTS 
Carbon Tetrachloride, 

| aes —15 | —17 |4+13 
Ethyl Alcohol, 75 F — 3 0 +1,7 
Aniline, 75 F. 0 0\+ 3 
Tricresy! Phosphate, 

Fee — 7 0 \+ 24 
Acetone, 75F....... — — |+27] 
Methyl Ethyl Ketone, 

ee +287 

FUELS AND 

LUBRICANTS 
JP-5, 75 F. 0 0 i+ 04 
JP-4, 75 F.. - 3 0 i+ 08 
70/30 Isooctane 

Toluene, 75F.......)— 7 0 i+ 25 
ASTM No. 30il, 300F..]— 5) 0|+ 43 
Benzene, 75 F.. —27 | — 8 |+19.6 
Mil-L-7808, 400 F —4 | —]3 |+19.6 

HYDRAULIC FLUIDS | 
Transmission Fluid 

(Type A), 212 F......] —23 | —21 |+ 15 
Oronite 8200, 300 F....] — 7 0 |+ 18 
OS-45, 400 F.. —38 | —33 |+11.1 
Skydrol 500, 300 F - +270 

ACIDS AND BASES 
Sodium Hydroxide 
(46.5%), 75 F —25 0 i+ 21 
Water, 212 F — 2 0 + 2/7 
Sulfuric Acid (fuming), 

|) a —42 | —3] |+ 48 
Hydrofluoric Acid 

(48%), 75 F.. — 2 0 + 48 
Hydrochloric Acid 

(36.5%), 75 F.......) —19 | —19 |+ 73 
Nitric Acid (red fuming), 

SA eakviukesthes _ — |+ 16 
Acetic Acid (glacial), | 

|) Pe eae — — |+61.6 





aSeven days immersion. 


matic and aliphatic hydrocarbons, 
dilute and concentrated mineral 
acids and alkalis, petroleum hy- 
drocarbons and water. 

For information on some cur- 
rent uses of the material, see p 12. 


Lead-Arsenic Alloy 
Increases Battery Life 


A relatively new lead battery 
alloy called Silvium shows promise 
of increasing the life of automo- 





How Glidden 
can help you 
produce better 


Metal Powder 


Parts... 


Whether you are interested in improving the opera- 
tion of an existing metal powder parts department, or 
desire to establish a new parts department, Glidden 
can help you. 

Glidden not only offers the helpful assistance of its 
metal powders lab and trained metallurgists, but can 
also supply you with RESISTOX Metal Powders that 
permit faster production of precision parts with 
greatly improved finish, appearance and performance 
characteristics. And Glidden has the facilities to 
produce up to 30,000 pounds of RESISTOX Metal 
Powders in one batch—an important factor in com- 
plete uniformity of mass-produced parts. 

Why not take a careful look at the manufacturing 
method you are now using. Make certain you are not 
overlooking the economies, speedier fabrication and 
superior parts performance you can get by using 
Glidden RESISTOX Metal Powders. Write on your 
letterhead for complete details. 


THE GLIDDEN COMPANY 
Chemicals—Pigments— Metals Division 


Baltimore, Maryland ¢ Collinsville, Illinois 
Hammond, Indiana ¢ Scranton, Pennsylvania 


COPPER POWDER © LEAD POWDER © TIN POWDER 
CUBOND COPPER BRAZING PASTE © BRASS POWDER © ALLOY POWDER © CUPRIC 
OXIDE © CUPROUS OXIDE © COPPER PIGMENT © CUPROUS SULPHIDE © FILTER POWDER 


For more information, turn to Reader Service card, circle No. 469 
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THE STRAIGHT PATH 


TO SUCCESSFUL DESIGNING 





CASTINGS 





@ In the light of recent developments, the straight path to successful designing is 
modern gray iron castings. Here’s why: 
FIRST, the directness of the casting process saves valuable engineering time 
in designing. 
SECOND, gray iron’s range of properties has been greatly improved —ductile 
irons are now available. 


THIRD, in automatic processes it is much easier to process a single casting than 
units made out of component parts. 


_For these reasons, plus the traditional ease of production of castings direct from 
molten metal to finished product, make modern gray iron castings your first 
consideration. 


GRAY IRON FOUNDERS’ SOCIETY INC. 


National City-East Sixth Building 
Cleveland 14, Ohio 


Please send your 620-page handbook for TEN DAYS 
FREE EXAMINATION. At the end of the examination 
period I will remit $10 or return book. 
0 $10 enclosed (Bill after 10 days 
0) Purchase Order enclosed 





Name 





Company. 
Address. 
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TIME TO DESIGN WITH MODERN GRAY IRON CASTINGS! 


For more information, turn to Reader Service card, circle No. 434 
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bile and stationary storage bat- 
teries by as much as 240% over 
conventional lead battery alloys. 
according to the producer. Other 
advantages of Silvium are: good 
electrical conductivity, high 
strength and good grain structure 
when cast into battery grids. 

Developed by H. Stoertz of the 
Research Dept., Electric Storage 
Battery Co., Philadelphia, Pa., the 
alloy is said to make battery grids, 
straps and posts less susceptible 
to electrochemical attack. Electro- 
chemical attack occurs when a 
storage battery is overcharged 
(i.e., during a period when a 
battery is left ‘on the line” some- 
what longer than necessary to 
bring it to a fully charged condi- 
tion). During this period, anti- 
mony, and possibly some nickel 
and copper, is removed from the 
positive grid and dissolved in the 
electrolyte to form salts which 
decompose at the negative plate. 
Battery grids made of Silvium 
are said to retard deposition of 
foreign materials on the negative 
plate. 

The alloy, containing 4 to 8% 
antimony, 0.15 to 1% arsenic, 0.04 
to 0.60% silver and the remainder 
lead, has been field tested as a 
grid in heavy duty taxicab bat- 
teries. Of 20 batteries tested, only 
seven failed. The remaining 13 
batteries are still being tested 
and have been run an average of 
70,000 miles. 


Asbestos-Silicone Cools 
Hot Aircraft Ducts 


An asbestos-silicone combina- 
tion has proved to be an effective 
thermal insulation for hot aircraft 
ductwork. The cured film, 0.13 in. 
thick, is said to reduce internal 
duct temperatures of 450 F to as 
low as 150 F on the exterior 
insulation surface. Comparable 
quartz blankets, 0.18 in. thick, are 
said to reduce the same internal 
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ed J Felters’ Cut Part serves as combinagic 

a ' Pg gasket, dust and light shield for 1p 
" | on Plymouth Pushbutton Shift n 
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” Felters’ range of non-woven and felited-type fabrics 
‘4 offer wide combinations of characteristics not found 
he in any other material. 
he These fabrics can be made tough, stiff or dense, as 
ch required. Also water repellent, flameproof, and moth 
ie. ; + and mildewproof. Ideal for absorptive wicking and 
m | : filtering applications. 
of 


, Synthetics, too, are giving non-wovens new uses and 
ve properties, particularly in smoothness, abrasion 
bal resistance, and long life. 








¢ Free Design Book gives technical Call on Felters for all types of felt and non-woven 
4 data on esign properties, special ‘ F ; 4 . é 
treatments and selection. Send for fabrics, including special treatments, impregnations 

er JOU! COpy- and fiber mixes. 
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a- AliFab is a special Felters’ non-woven Felt Pads {Pretebetoated) prolong Hi-Fi Sets Use Feit in a number of 

7 fabric. Has thermoplastic resin binder bearing life! Special tests show that oil places. Record changer drawers slide 

y and can be electronically stitched, saturated felt rings provide a built-in on aluminum channel with molded in 

ft sealed and embossed. Available in “slow bleeding’ action to lubricate felt insert. This provides light compres- 
wide range of fiber combinations in bearings. Functions over wide temper- sion fit, eliminates resonant metal-to- 

n. thicknesses from Ys" to 1" and more. ature range at speeds up to 10,000 metal contact, absorbs vibration and 
Used for backing, filling, and plumping. rpm, without excessive starting fric- insures smooth action. Special felt 

al Available with synthetic mixes such as tion at low temperature or poor stabil- lined piston legs eliminate floor vibra- 
Orlon®, with varying degrees of ‘“‘loft.’’ ity at high temperature. tion which affects performance. 

AS 

le FELTERS 

le the company 

ne 220 SOUTH ST., BOSTON 11, MASS. 

al Pioneer producers of Felt and Felt Products 
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Introducing... 


4.50 GRAMS 


The New Look in 


LITHIUM 
COPPER 
CARTRIDGES 





ACTUAL SIZE 


Lithium isn’t new to foundrymen. But the new, improved, 4.50 
gram cartridge is. Thinner walls react with the melt faster. 
Nearly 100% greater compactness means savings in weight and 
storage space. New ‘“‘Compression-Spin’”’ seal assures longer shelf 
life. Over 99.9% copper assay offers the near-ultimate in purity. 


Three other handy sizes, 2.25 and 9.0 gram cartridges, plus a 
108.0 gram charge in cup form, offer any combination of weights 
for introducing any percentage of lithium in the melt. 


The 4.50 gram cartridge represents 0.010 Ibs. of lithium rod. It 
will refine 200 lbs. of copper or copper-base alloy. All oxygen is 
removed, fluidity increased, pouring temperature often lowered, 


oxide and slag inclusions reduced, grain refined, and gas cavities | 


eliminated—with no change in conventional melting and casting 
processes. 


The end result is a superior casting: sounder, denser, more uni- 
form, more electrically conductive—at less trouble and less 
cost. Write for details. 


DISTRIBUTORS: 


NIAGARA FALLS SMELTING & REFINING DIVISION 
Buffalo, New York 
P. R. MALLORY & CO., INC, SIP! METALS CORPORATION 
Indianapolis, Indiana Chicago, Illinois 
MITCHELL SMELTING & REFINING CO. PACIFIC GRAPHITE CO., INC, 
Botsford Center, Conn. Oakland, Calif, 


LITHIUM DORPORATION 


OF AMERICA, ING. 


SUITE C—400 SECOND AVE. S. 
MINNEAPOLIS 1, MINN, 


SALES OFFICES: NEW YORK — CLEVELAND — CHICAGO — MINNEAPOLIS 


For more information, turn to Reader Service card, circle No. 482 
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duct temperature to only 200 F. 

The insulation, developed }\ 
Aireraft Co., Wichitz. 
Kan., and called Camco 400, is 
made of asbestos mixed with Dow 
Corning’s C-271 silicone adhesive. 
Compounded in densities from 30 
to 62 Ib per cu ft, Camco 400 may 
be cured in service or by oven 
baking at 400 F for 1 hr. Cessna 
says the asbestos-silicone combi- 
nation can easily be sprayed or 
brushed onto almost any plastics 
or metallic surface. 


Cessna 


Aluminum Sheet Alloy 
Has Mirror-Like Finish 


A new aluminum sheet alloy, 
called X5457, has been developed 
by Aluminum Co. of America, 
1501 Alcoa Bldg., Pittsburgh 19, 
Pa. for use as decorative trim in 
automobiles and appliances. When 
polished, brightened and anodized, 
the sheet has a lustrous mirror- 
like finish. Alcoa says products 
fashioned from the new sheet 
alloy exhibit mechanical proper- 
ties similar to those of 5357 alloy 
and can be rolled to the same 
specifications. The new alloy is 
expected to replace alloy 5357 in 
various decorative trim applica- 
tions where optimum brightness 
is desired. 

(more What’s New on p 174) 





Reflection is caught on mirror-lik: 
surface of Alcoa’s new aluminun 
sheet alloy. 


For more information, circle No. 474 » 





Here are some Bethlehem drop forgings just about 
ready for shipment. That signed and dated tag 
means that they have taken the last of many hurdles. 
They’ve survived every check-up and inspection. 

Matter of fact, the check-ups began even before 
there were any forgings. The steel was subjected to 
thorough metallurgical analysis long before it reached 
the forging hammers. Then, at every step along the 
route, the job received another careful going-over. 
Finally, after hardness tests, dimensional checks, 


BETHLEHEM STEEL 


and surface inspection, the finished drop forgings 
rated the ‘‘Passed Inspection”’ tag. 

Every order of Bethlehem drop forgings must run 
this kind of obstacle race and clear every prescribed 
check-point. It is the customer’s assurance of qual- 
ity workmanship; an assurance of forgings he can 
accept and use with confidence. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold 
by Bethlehem Pacific Coast Steel Corporation. 
Export Distribuior: Bethlehem Steel Export Corporation 





For more information, turn to Reader Service card, circle No. 474 





























Looking 
lor a 


Better Way 


How about hAaltle @) 








Malleable Iron’s outstanding characteristics—toughness, 
ductility, ease of machining—command your considera- 
tion when you search for better ways to produce your 
product or its components. Here are two more examples 
of simplification and cost reduction. 













This implement coupler 
now looks better as a 
standard malleable cast- 
ing, and is produced at 
much lower cost. It was 
formerly an assembly of 
4 pieces entailing 7 cost- 
ly operations. 


' ' Soe 


“gn 
‘ ) |_L’ 
a \ Zz ' 
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1800 Union Commerce Building 


A tractor fuel tank sup- 
port was formerly made 
up of 5 pieces. The 
Pearlitic Malleable 
casting saves 40% for 
the manufacturer... . 
improves appearance 
1000%! 


Examples similar to these are plentiful. But more 
e— and more items are designed for Malleable as engi- 
neers realize (or remember!) its many advantages. 
. . Have you seen our “Value Analysis” brochure? 
Write for your copy, today. 


Cleveland 14, Ohio 


For more information, turn to Reader Service card, circle No. 481 
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Can Polyester Resins 
Be Cured by Radiation? 


Can polyester plastics be tough- 
ened to a marked degree by ir- 
radiation as is the case with poly- 
ethylene resins? 

“No,” say E. L. Colichman 
(Ramo-Wooldridge Corp.) and J. 
M. Scarborough (Atomics Inter- 
national, Div. of North American 
Aviation, Inc.). They say “. .. 
physical properties of either radi- 
ation crosslinked or radiation 
cured polyester resins do not ap- 
pear to be vastly superior to heat 
cured polyester resins.” However, 
radiation curing could be valuable 
im special applications where high 
purity material (without peroxide 
catalyst) is required or where 
heating is undesirable. 

The two scientists arrived at 
their conclusion after an exten- 
sive investigation into the effects 
of radiation processing of unfilled 
polyester resins. Objects of their 
research was to learn: 1) if heat 
cured unfilled polyester plastics 
could be improved by radiation; 
and 2) if radiation curing of poly- 
ester resins would yield rigid 
compositions that are superior to 
those obtained by conventional 
heat curing methods. Details of 
their work may be found in the 
Mar ’58 issue of the Journal of 
Applied Chemistry (British). 


Treating cured resins 

Commercially available polyester 
resins representing styrene- and 
diallyl phthalate-modified types 
were investigated. The two types 
of resin were heat cured and 
radiation processed in a MTR 
Gamma Facility Canal at dosages 
of 1.0 x 10® to 5.0 x 10’ r. All 
samples were tested for hardness, 
heat distortion point and tensile 
strength; Young’s modulus was 
calculated from stress-strain 
curves. 

Test results show that the phys- 
ical properties of diallyl phthalate- 
modified resins, with the excep- 
tion of Young’s modulus, are not 











gid 


nal 


of 
the 


of 


ter 
and 
pes 
pes 
and 
TR 
ges 
All 
Pgs, 
sile 
was 
ain 


1y8- 
nte- 
"ep- 
not 





PE DS S 


Erecting a crystallizer at a potash refinery in Carlsbad, N. M., oper- 
ated by Pacific Coast Borax & Potash Co. This is one of seven crystal- 
lizers that were shop- and field-fabricated, then field-assembled by 








welding. They were not stress-relieved or heat-treated. There has 
been no stress-cracking in the nine months these units have been in 
service at the potash refinery. 


NEW Ampco Metal Grade 8 stops 
stress corrosion cracking! 


Important changes have been made in Ampco Metal 
Grade 8! It’s entirely new—and completely obsoletes 
old ideas about fabricating copper-base alloy equip- 
ment to handle steam and corrosive media at ele- 
vated temperatures. 

Now, with new, patented Ampco Metal Grade 8, 
you can... 


1. Field-fabricate without stress-relieving! 


2. Make field repairs, changes, and altera- 
tions without heat treatments! 

3. Readily weld with any electric welding 
process! A. No pre-heat. B. No post-heat. 
C. No hot-short cracking! 


At one major oil refinery, field-assembled piping of 
Ampco Metal Grade 8 has handled hot sulphuric- 


—a- AMPCO 


acid sludge for a year and a half without stress- 
cracking. Driers in a paper mill have handled 350° 
F steam at 125-lbs. pressure for more than a year 
without stress-cracking. 

Let us prove it to you. Talk to your Ampco field 
engineer. Or write for details. Ampco Metal, Inc., 
Dept. MDE-5, Milwaukee 46, Wis. (West Coast 
Plant: Burbank, Calif — Southwest Plant: Garland 


[Dallas County], Texas). 
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TUBULAR 
RIVET 





TIME 
TO LOOK 
AT COSTS 


You need the answers to such questions as: 
“Can a TUBULAR RIVET replace a solid rivet, screw, 
or bolt and thereby accelerate production?” 

“Would a SPLIT RIVET with a decorative head improve 
product appeal?” 

“Should a SELF-PIERCING RIVET be used and 
eliminate a drilling operation?” 

“Can a cold headed part such as a SHOULDER RIVET 
serve as a fastener and also provide a bearing surface?”’ 
“Would a TAPPED RIVET, made to receive a 

screwed-on assembly, simplify field service?’ 

These are typical questions asked of 
Chicago Rivet engineers because keen 
competition today makes necessary 
re-examination of production methods. 

No matter how complex or how simple your 
fastening problem may seem to be, get the 
cost saving advice that Chicago Rivet 
engineers can give. Send blueprint or 

sample assembly—no obligation. 


SELF-PIERCING 
RIVET 


SHOULDER 
RIVET 





there are CAecago Kiired Machines that will set 
iff aqgqg 
209 SAAR 
3002 errrrer 


Tubular or Split Rivets At a Time 













TAPPED 
RIVET 


& MACHINE CO. 


965 S. 25th Ave. - Bellwood, Ill. (Chicago Suburb) - Branch Factory: Tyrone, Pa. 


FOR YOUR FILES—Rivet catalog describing 1388 stand- 
ard tubular and split rivets and 26 single and multiple 
automatic rivet setters. 





, 
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PROPERTIES OF RADIATION- 
PROCESSED POLYESTER RESINS 














Diallyi- 
Polyester Type=> Styrene | phthalate 
AFTER HEAT CURE® | 
Tensile Strength, psi.... 8100 | 8950 
Heat Dist Point, F........] 190 268 
Barcol Hardness...... | 51 58 
Young’s Mod, 10° psi......} 3.65 3.15 
AFTER RADIATION 
PROCESSING» 
Tensile Strength, psi......| 9583 | 8200 
Heat Dist Point, F........] 201 270 
Barcol Hardness..........] 49 55 
Young’s Mod, 10° psi......] 3.96 3.65 
AFTER RADIATION CURE® 
Tensile Strength, psi.... 9160 _ 
Heat Dist Point, F........] 176 - 
Barcol Hardness..........] 46 _ 
Young’s Mod, 10° psi......| 3.98 ~ 








aCured 3 hr at 115 F. 
bGamma dosage of 1.0 x 10’ r. 
cGamma dosage of 4.0 x 10° r. 


improved by radiation processing. 
On the other hand, heat cured 
styrene-modified resins are im- 
proved by about 20% in tensile 
strength and Young’s modulus; 
irradiation produced no signifi- 
cant changes in hardness and only 
small increases in heat distortion 
point. 

In vinyl-modified polyesters it 
appears that the degree of cross- 
linking with the vinyl modifier is 
sufficient after heat cure to war- 
rant no further processing by 
radiation. 

Treating uncured resins 

In curing polyester resins by 
radiation, Colichman and Scar- 
borough found that completely 
cured samples could not be ob- 
tained with gamma dosages below 
1.0 x 10° r. Styrene-modified 
resins can be completely cured by 
radiation at room temperature 
with gamma dosages of 5.0 x 10° 
to 1.0 x 10’ r, with gelation be- 
ginning at about 5.0 x 10° r. 
Diallyl phthalate-modified resins 
require a dosage of 1.0 x 107 r and 
higher for complete cure, with 
gelation beginning at about 1.0 x 
10° r. 

Radiation-cured samples did not 
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furthering creative technology at 


The KNOLLS ATOMIC POWER 


The significant relationship between ad- 
vances in materials and processes, and ad- 
vances in nuclear propulsion systems has 
generated a continuous program of original 
investigations in metallurgy and ceramics 
at The Knolls Atomic Power Laboratory. 
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ATOM PERCENT BURNUP 


OENSITY CHANGES IN ZIRCALOY CLAD 8 w/o URANIUM- 
ZIRCONIUM ALLOYS ON POSTIRRADIATION ANNEALING - 


Currently the Laboratory is working 
toward the design of power reactors for 
operation at higher temperatures and with 
higher fuel burnups. A typical materials 
problem is the swelling and blistering of 
fuel elements caused by the agglomeration 


Dr. W. V. Johnston (le 


— 


POST-IRRADIATION ANNEALING 
OF URANIUM-ZIRCONIUM ALLOYS 


To obtain information on the agglomera- 
tion mechanism and the extent of damage 
experienced, specimens of an 8 wt % en- 
riched uranium-zirconium alloy which had 
been irradiated to a maximum of 42% of 
the U-235 atoms fissioned were annealed in 
vacuum furnaces at 425, 510 and 595°C. 
Percent density changes were determined 
as a function of temperature at an anneal- 
ing time of 500 hrs. As can be seen in the 
graph, specimens of all burnups were 





Knolls Alomice Power £ 


stable at 425°C but volume increases of 
up to 15% were obtained at 595°C. 


Additional information on the amount and 


rate of Kr and Xe diffusion and release 


from the fuel elements has been obtained by 


using § and ‘y counting techniques. The 
effects of irradiation and annealing on the 
temperature of phase transformations and 


on alloy structures are being studied by 
measurement of electrical resistivity, and 


use of advanced metallographic techniques. 


OPERATED FOR A.E.C. BY 


SCHENECTADY, New YorK 


LABORATORY 


of inert gases (Kr and Xe) formed during 
nuclear fission. 

* a e 
An example of the physical-metallurgical 
studies now under way in this area is the 
experimental work described below. 





t) recording data at post irradiation annealing cell. 





PROFESSIONAL 
OPPORTUNITIES 


There are openings at the 
Laboratory for metallurgists 
and ceramists interested in de- 
velopment, application and 
fabrication of nuclear core ma- 
terials. Degree is required ; ad- 
vanced degree and/or related 
experience preferred. (U.S. 
Citizenship) If you qualify, 
please send resume, includ- 
ing salary requirement, to: Mr. 
A. J. Scipione, Dept. 39-MQ. 
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and parts is added up-to-date, soundly established 
facilities for engineering and manufacturing bearings 


traditional line of Bunting Cast Bronze Bearings 
| and parts made of Sintered Powdered Metals. 
| 


| In an entirely new plant with the very latest 


in the field of Cast Bronze Bearings. 


A competent group of Bunting Sales 















Write for catalogs and your 
copy of the new 24 page Bunting 
Engineering handbook of 
Sintered Powdered products 
and their composition, 
i manufacture and 
iy application. 


Bunting 









a 





OF CAST BRONZE AND POWDERED METAL 
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Bunting today covers a new area in the engineering 
and manufacture of bearings and machine parts. To the 


equipment, Bunting now attains the position in the 
Sintered Powdered Metals field which it has long held 


| | ES Se Engineers in the field and a fully staffed 
| | Product Engineering Department put at 
your command, comprehensive data and 
facts based on wide experience in the 
designing and use of Cast Bronze and 


Sintered Powdered Metal Bearings and parts. 





BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 





The Bunting Brass and Bronze Company «+ Toledo 1, Ohio «+ Branches in Principal Cities 


IN MATERIALS 


contain a benzoyl peroxide cata- 
lyst. Cobalt-60 was used as a 
source of radiation. 

The authors point out that a 
single set of comparable data does 
not necessarily indicate all changes 
that might take place in irradi- 
ated polyester resins. 


Fluoroscope Speeds 
Castings Inspection 


Fluoroscoping of aluminum and 
magnesium castings for flaws is 
recommended as a time and money 
saving method by Chance Vought 
Aircraft, Inc., Dallas, Texas after 
a 20-month trial of a new Navy 
fluoroscope. The high intensity 
fluoroscope, developed by the 
Naval Ordnance Laboratory, was 
used to examine approximately 
2000 light alloy castings. In a 
report on results of the field test, 
Chance Vought says that fluoros- 
copy can be substituted for radi- 
ography in certain applications. 

Fluoroscopy costs considerably 
less than other x-ray methods, 
the survey found. For instance, 
it costs 16¢ to inspect a casting 
by fluoroscope and 80¢ by other 
x-ray methods. The report said 
that fluoroscopy lends itself well 
to quick inspection of weld beads, 
cracks, undercuttings, inclusions 
and gas holes in aluminum and 
magnesium castings. In addition, 
the report said that fluoroscopy 
would probably be far superior to 
other x-ray inspection methods 
for stainless steel brazed assem- 
blies. 


Other News... . 


Ferrous metals 

>» Normalized enameling steel in coil 
form is now being produced for the 
first time in volume at U. S. Steel’s 
Irvin Works, Dravosburg, Pa. The 
company says previous production of 
enameling steel was limited to cut 
sheets. The steel, called Vitrename|, 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 


St Pome my 
When Box Prec 
t 


Sek ie 
tn 
fh hecho siug 
SEES ’ 
“a 


Om. 
aly 


Allegheny Ludlum knows more about stainless 
than anybody... and puts it in print for you 


Allegheny Ludlum shou/d know more about stainless Literature, designed to help you learn more about 
than anybody: they’ve been the leading producer of all Allegheny Stainless and how it can improve your product, 
forms for more than 40 years. And the industry’s only _is just one help offered by Allegheny Ludlum. You also 


that old. get the best assistance from trained salesmen and tech- 
Today, A-L produces more different sizes, shapes, _ nicians, ready to help you on your specific problem. 
finishes and alloys of stainless than any other company. All this service is available through your Allegheny 
Backing up its quality products are research and devel- _ sales engineer. Call him today. Or, as a starter, write for 
opment facilities with people second to none. the publication list describing the over 150 technical 


With know-how and experience gained over the years, pieces made to assist you. 
Allegheny Ludlum keeps little of it secret: it offers the Allegheny Ludlum Steel Corporation, Oliver Bldg., 
most complete selection of literature available anywhere. Pittsburgh 22, Pa. Address: Dept. MM-5. 


ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 
EVERY FORM OF STAINLESS ... EVERY HELP IN USING IT 


Wwsw 7122 
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is available in 16 to 22 gage and in 
widths from 24 to 60 in. 


Nonferrous metals 

>A titanium alloy (Ti-6Al-4V) is 
now being marketed by Titanium 
Metals Corp. of America with guar- 
anteed and certified oxygen content. 
According to the producer, no charge 
is made to the customer for certifica- 
tion. The alloy is available in bar 
and billet form. 


> Cadmium strip and foil is now in 
commercial production at American 
Silver Co., 36-07 Prince St., Flush- 
ing 54, N. Y. The company says it 
can supply the strip and foil in 
widths from 4 to 6 in. and in thick- 
nesses from 0.300 to 0.0005 in. 


Nonmetallics 

>» A glass fiber thermal insulation 
for heating and air conditioning 
units has been introduced by Ehret 
Magnesia Mfg. Co., Valley Forge, 
Pa. Known as Therma-K, the insu- 
lation is supplied in three forms: 
pipe cover, duct liner and outside 
duct liner. 


> Self-adhesive felt, pre-cut in a 
wide variety of shapes (circles, rec- 
tangles, squares, strips) and sizes, 
is now available from W. H. Brady 
Co., Milwaukee, Wis. The felt is par- 
ticularly useful for dust and weather 
seals, thermal barriers and shock 
absorbers. 


Finishes 

> A new coating used in conjunction 
with vacuum metallizing has been 
introduced by Bee Chemical Co., Chi- 
cago 33. Designated M-246H, it cures 
at 180 to 290 F and is particularly 
useful in the vacuum metallizing of 
soft metals. It can also be used in 
the vacuum metallizing of such 
thermosetting plastics as phenolics 
and ureas. 


>A plastics coating has been devel- 
oped by Protective Coatings, Inc., 
Tampa, Fla., to provide strength, 
and weather and chemical resistance, 
to polystyrene foams. Called Stryro- 
kote, the coating cures at room tem- 
perature to a hard, glass-like finish. 


Joining materials 

> An improved Nylok fastener has 
been introduced by Groov-Pin Corp., 
11382 Hendricks Causeway, Ridge- 
field, N. J. for joining metals to 
themselves and to other materials. 
The fastener, available in carbon 
and stainless steel and in brass, is 
said to tap its own threads in cored 
or drilled holes. A nylon plug locks 
the fastener against severe vibra- 
tion. 
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Monroe Shock Absorhers 

rely on : 
Precision Performance of 
YODER TUBE MILLS 





After 15 years of continuous operation 
the Yoder Type-M Electric-Resistance 
Weld Tube Mill shown here, is still pro- 
ducing precision tubing for the Monroe 
Auto Equipment Co., Monroe, Michigan. 
Yoder produced tubing is the basic com- 
ponent of the famous “Monro- Matic” 
shock absorber. Measuring 2 44” outside 
diameter (plus several other sizes) the 
tubing is made from 22 gauge strip in 
one continuous operation . . . it is auto- 
matically cold-roll formed, welded and 
cut to pre-determined lengths. 


| This typical installation of a Yoder tube 








mill exemplifies the accuracy, depend- 
ability aod production economies of 
Yoder-made tubing. If your business 
requires pipe or tubing, ferrous or non- 
ferrous, in sizes from 14” to 26” diameters, 
there is a Yoder mill designed to produce 


it economically, efficiently and accurately. 


THE YODER COMPANY 
5546 Walworth Ave. « Cleveland 2, Ohio 







Check into the many cost- 
saving advantages of 
operating a Yoder pipe 
or tube mill... write 
for the fully-illus- 
trated 88-page Yoder 
Tube Mill Book... 
it is yours for the 
asking. 


gigahil 
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ferrous or non-ferrous) 
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How many gages to inspect these parts? 


Just one—if it’s a Kodak Contour Projector. 

Auburn Plastics, Inc., of Auburn, N. Y., a 
venerable custom molder, produces a wide 
variety of component parts for various manu- 
facturers. Formerly this firm needed many 
mechanical gages to make necessary quality 
control checks. 

A Kodak Contour Projector eliminated the 
expense of buying such gages—amounting 
in one instance to a saving of $5,000. 

In a fiercely competitive business, Auburn 
Plastics, Inc., can submit lower bids because 
of savings permitted by optical gaging. The 
company effects additional economies by 
using its Kodak Contour Projector to inspect 


Apparatus and Optical Division 


tools and dies as well as manufactured com- 
ponents. In all cases the projector permits 
gaging of angles, radii, holes and other di- 
mensions—at a glance. 

If you have an inspection problem involv- 
ing myriad small parts, you can do the job 
easily and inexpensively with a Kodak Con- 
tour Projector. Inspection is a matter of 
comparing the projected image of the part 
with a chart gage on the screen. You inspect 
different types of parts simply by changing 
chart gages. Operators need little training. 

For additional information or to arrange 
for a demonstration of any of the 6 Kodak 
Contour Projector models, write to: 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
the KODAK CONTOUR PROJECTOR 


For more informotion, turn to Reader Service card, circle No. 373 


With this Kodak Contour Projector 
Auburn Plastics, Inc., accurately 
gages a great variety of parts 
down to .001”. Operator can eas- 
ily measure angular dimensions 
on cams and keys, threaded mold 
components, center-to-center di- 
mensions on parts and tools. 
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Nuclear Graphite 
is a Specialty at 
GRAPHITE 
SPECIALTIES 
CORP. 


e High strength, fine texture and 
extra pure grades of Graphite 
Specialties graphite are available 
for lowest neutron-capture cross 
section. In addition, high scatter- 
ing cross section and increasing 
strength at high temperature 
makes this material suitable for 
use in nuclear reactors as moder- 
ator, reflector, fuel elements, 
structural parts and piping. 


¢ Graphite Specialties Corp. also 
furnishes custom formulated 
grades of graphite for mechani- 
cal, metallurgical and processing 
applications, as well as for high 
temperature electric furnaces. 


¢ “Graph-I-Tite” is one of the 
standard formulations available. 
It is the first impervious graphite. 
It is immune to thermal shock, 
non-contaminating, not wetted 
by molten metals, and is un- 
affected by practically all cor- 
rosives, even at temperatures 
above 1,000°F. 


¢ Most types of Graphite Spe- 
cialties graphite can be molded, 
extruded or machined to close 
tolerances, and are available as 
finished components, or in rod 
tube, sheet, block or rough ex- 
truded or molded form. 


¢ Don’t let old fashioned ma- 
terials restrict your thinking. If 
you have an “ordinary” mate- 
tials problem, or one such as 
heating dry chlorine up to 
5000°F., write to GRAPHITE 
SPECIALTIES CORPORATION, 
64th & Pine Avenue, Niagara 
Falls, New York. 
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Viton—cont’d from p 12 





temperatures of 400 F and higher, 
and resistance to lubricants, fuels 
and hydraulic fluids. 


Because Viton offers an exc; 
lent combination of high tempe, 
ture properties, it has become 
valuable material for several di 
ferent applications. The most cor 
mon is o-ring seals and packing 
other uses include high temper 
ture hoses, rolls and coated fal 
rics. The material is also avai 
able as sealing strips for gasket: 
caulking compounds, adhesives, 
protective coatings, linings, ete. 
Some of the more important ap- 
plications are shown in the accom 
panying photos. 

New technical data is given in 
this month’s “What’s New In 
Materials,” p 166. 


Phenolic Adhesive Resists Fuels 





Exploded view showing diaphragm support and seal and... 





- « « assembled unit. 


The replacement of a Buna 
N-base adhesive by a _ phenolic 
resin-base adhesive has eliminated 
the problem of corrosion in a 
water injection regulator used on 
aircraft engines. The adhesive is 
used in the regulator to produce 
a tight bond between the seal and 
the diaphragm support (see 
photo). 

A previous design called for the 
seal to be pinched into the seat. 
However, Pratt & Whitney Air- 
craft found that better diaphragm 
retention and less distortion could 
be achieved by adhesive bonding 
the seal to the seat. Unfortunately, 
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the Buna N-base adhesive could 
not stand up under the attack of 
certain aircraft fuels which con- 
tain as much as 30% aromatics. 
The phenolic-base adhesive re- 
sists not only aircraft fuels of 
this type, but alcohol and piston 
engine oil as well—even at oper- 
ating temperatures in the range 
—65 F to 400 F. According to the 
supplier, Raybestos - Manhattan, 
Inc., the phenolic adhesive may 
be used for rubber-to-metal, plas- 
tic-to-metal, metal-to-metal and 
friction material bonding. 


Eight Die Castings 
in New Recorder 


In order to produce what Wol- 
lensak Div., Revere Camera Co., 
considers the “smallest and light- 
est” portable hi-fi tape recorder 
on the market, standard concepts 
of recorder design were reversed 
and the unit was built from the 
inside out — mechanism first, 
housing last. As a result, many 
of the die cast housing sections 
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WCUSTOMEERING 


The precision pigmy component weighs less than *49 of a gram and is an 
important part of a delicate detonator assembly. The 73-lb. bumper strip 
is a protective part of a “Dodgem” car in amusement parks. 


Big difference in size and application? Sure, but Ohio Rubber is recognized 
as a producer of “customeered” parts made from rubber, synthetic rubber, 
silicone rubber, polyurethane, and flexible vinyl, in all sizes, for any appli- 


cation, and whether molded, extruded, or bonded to metal. 


Send for 
From design through electronically controlled compound mixing and pro- free booklet 


duction facilities in four plants, Ohio Rubber’s integrated set-up is prepared “Component 

to handl t exacting rubber and vinyl t requirements. Let C\/STOMEERING 
o handle your most exacting rubber and vinyl component requirements. Le cubher aun 
OrcO engineers help on your next problem. See how ORCO CUSTOMEERING vinyl parts.” 


can work to your greater advantage. 

















\ THE OHIO RUBBER COMPANY 


A Division of The Eagle-Picher Company 
Willoughby, Ohio 
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Die castings in portable tape re- 
corder function as housing and inte- 
gral parts of unit itself. 







serve as integral parts of the unit 
itself. 

The decision to use die castings 
instead of other materials such 
as plastics was dictated by re- 
quirements of strength, appear- 
ance and the necessity to main- 
tain close tolerances. In all, eight 
die castings are used—seven alu- 
minum and one zinc. The castings 
require little machining and are 
finished with either chromium 
plate or baked enamel. 


mi a W The eight die castings used in 


the unit are: two side castings, 




























recording head cover, clean-out I 


i © yo uF cover, counter bezel, key bezel 


i (zinc), handle and case cover (see 
A al s Wa e ee photo). The two side castings are 

cast with a groove to simplify 
masking during finishing; the 
groove not only reduces the cost 








If your project has heat, abrasion, corrosion, of applying the finish, but assures a 
chemical or other deteriorating factors present, closer fitting of parts afterwards. e 
then McDANEL specially-developed ceramics The top cover is cast in a single a 
could be the answer. Instrument manufactur- impression die with bosses to t 
ers, scientists, physicists, research and devel- which steel clips are attached to ; 
opment engineers, and specialized producers hold the microphone and cord in : 
are applying McDanel ceramics to a wide vari- place. The handle is made in a I 

aaa . , P double impression die, and the 8 
ety of difficult applications with good success. denecenah lettering is later tet A 
McDANEL ceramic engineers work with you to wills Ghesk enameal. 5 


develop designs, special dies, even new proc- | The complete recorder weighs 
esses to suit your particular need. Try ceramics. about 1814 Ib and measures 614 x 


19% x 11% in. 


(C ) oe Stainless Water Gage 
et us study a sketch | ft." 

ao meer evptication. _ Won’t Lose Visibility 
our inquiry is | 


REFRACTORY PORCELAIN COMPANY special to us. A new water level gage, consist- 


BEAVER FALLS . PENNSYLVANIA | ing of a nonmagnetic stainless 
| steel tube enclosing a metal float 
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A. OUTER BRAID 


B. “MYLAR” 


Rome Cable reports... 


Du Pont Mylar’ helps eliminate reject problem 
in manufacture of cable for “Titan” ICBM 


PROBLEM: In designing its instrumenta- 
tion cable for the ‘“Titan’’ ICBM proj- 
ect, Rome Cable Corporation wanted 
a thin, abrasion-resistant tape to protect 
the insulated conductors from possible 
puncture by loose strands of the tin-cop- 
per braid (See C in illustration). They 
were also searching for a thin, heat-re- 
sistant core binder tape to prevent pos- 
sible puncture from the outer braid (See 
A) during extrusion of the cable jacket. 


SOLUTION: A tape of Du Pont “Mylar’”’ 


REG. yu. 5. Pat. OFF 


BETTER THINGS FOR BETTER LIVING 


. . « THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 


Cc. INNER BRAID 
BD. “MYLAR” 


polyester film for both applications (See 
B&D). Reason: ‘‘Mylar’’ has the desired 
balanceofmechanicaland electrical prop- 
erties ... it’s tough, abrasion- and punc- 
ture-resistant, even in thin gauges. 
‘“‘Mylar’’ has a high melting point... 
runs well on existing machinery. 


RESULTS: The two tapes of ‘“‘Mylar’”’ elimi- 
nated shorted cables due to puncture 
from loose strands of metal. Solving this 
problem has helped Rome Cable stabi- 
lize production, save money on time and 


PROPERTIES OF “MYLAR” 


‘“‘Mylar’”’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 


HIGH TENSILE STRENGTH. “Mylar”’ 
is strong and durable. Instron Tester shows 
an average strength of 20,000 psi. It’s 
dimensionally stable . . . resists moisture. 


HIGH DIELECTRIC STRENGTH. Aver- 
age of 4,000 volts per mil ...average power 
factor of 0.003 to 60 cycles . . . dielectric 
constant above 3.0 at 72°F., 1,000 cycles. 


materials and produce a cable that as- 
sures better performance and greater re- 


liability in the ICBM. 


How can “Mylar” help you? Whether 
you manufacture heavy-duty cable or 
tiny capacitors, it will pay you to evalu- 
ate the combination of properties found 
only in “Mylar’’. And when figured on 
an area basis, this tough, thin polyester 
film will often cost less than your present 
insulating material. For more detailed 
information, send in coupon. 


*“MYLAR" is Du Pont’s registered trademark for its brand of polyester film. 


E. I. du Pont de Nemours & Co. (Inc.) 


Film Dept., Room MM-5, Nemours Bldg., Wilmington 98, Del. 
Please send the new booklet listing properties, applications and 


Application 
Name 
Company 
Address 


types of ‘‘Mylar’’ polyester film available (MB-11). 


For more information, turn to Reader Service card, circle No. 500 
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from Torrington on 





\. SMALL PRECISION 
METAL PARTS 








Here at Torrington, our ‘Specialties’ 
machines are constantly at work produc- 
ing an endless variety of custom-built 
small precision metal parts. Our engineers 
help design many of these parts, at the 
same time developing the most efficient 
production methods to solve our cus- 
tomers’ problems. 


For example, one manufacturer recently 
needed perforating punches with an upset 
head (see photo above). His own facilities 
were inadequate for the job... specifi- 
cations called for close body tolerance, 
grinding, precision heading, hardening 
and annealing. The punches were to be 
made from tool steel and produced with- 
out flash to allow proper seating. Torring- 
ton engineering and production facilities 
solved his problem. 











Another—the volume production of 
timer parts with low cost a critical factor. 
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For this job, Torrington developed special 
high-speed equipment to provide auto- 
matic end turning and cross milling in a 
single operation. The result—a_ high- 
quality part produced at low unit cost. 


Whatever the part, varying degrees of 
strength, ductility, hardness, toughness, 
magnetic or nonmagnetic properties are 
required to give it the exact qualities 
needed for its particular function. In 
Torrington’s modern laboratories, highly 





experienced metallurgists and engineers 
are employed to insure that each precision 
metal part is produced by the most effi- 
cient process and to the highest standards 
‘required for its application. They’ll be 
glad to help you on all metallurgical 
problems. 


If you have problems involving custom- 
built small precision metal parts in large 





quantities, write direct to 


The Torrington Company, Specialties Division, 777 Field Street, Torrington, Conn. 


TORRINGTON SPECIAL METAL PARTS 


Makers of Torrington Néedle Bearings 


For more information, turn to Reader Service card, circle No. 526 
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Nonmagnetic steel tube encloses 
magnet which pulls white indicating 
reeds into view. 


which carries a powerful perma- 
nent magnet, is said to be the 
“first major improvement in 
boiler gages in 150 years.” De- 
veloped by Charles Engelhard, Inc. 
for the Navy, the instrument is 
similar to conventional gages in 
size and shape, but is said to have 
eliminated problems of leakage 
and poor visibility encountered 
with the previously used glass or 
quartz tubes. 

In operation, the float rides up 
and down on the water in the tube, 
and the magnet acts through the 
tube walls upon a row of metal 
reeds mounted beside it. Each 
reed, which is painted white, can 
be pulled forward by the magnet 
so that it comes into view through 
a window in front of the gage. 
When the float moves again, the 
reed recedes out of sight. 

In addition to serving as a Vis- 
ible indicator of the water level, 
the reeds can carry electrical con- 
tacts which operate automatic 
water controls or set off alarms. 


(more Materials at Work on p. 188) 








SOURCES of most engineering mate- 
rials can be found in M/DE’s Ma- 
terials Selector reference issue, pub- 
lished last September. Properties of 
all materials are also given. 
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CONTOUR TRENTWELD TUB- 
ING is furnished in ten basic 
;sifications: Pressure Tub- 

,, Mechanical Tubing, 

raft Tubing, Heat Re- 
sistant Tubing, Orna- 
mental Tubing, Sanitary 
Tubing, Beverage Tub- 
ing, Large Diameter 
Tubing,Shaped Tubing, 
and Formed Tubing. 














TRENTWELD tubing is equal in strength and 
has more uniformity than tubing made by any 
other method of manufacture’ 


Trent offers tubing in sizes ranging 
from %” to 40” O.D. and in a wide 
range of grades. These include: 
Hastelloy,* Zirconium, Zircaloy, 
Titanium and 19-9-DL grades. All 
are made by an exclusive welding 
process—Contour Trentweld®—which 
virtually eliminates the bead. Fur- 
thermore, by cold working and an- 
nealing after welding, Trent makes 
the weld equal in strength and corro- 
sion resistance to the parent metal. 
To insure that Trentweld tubing 





is of the highest quality attainable, 
a rigorous quality control program 
is carried out. Samples of each lot 
are tensile tested. Periodic tests — 
flattening, reverse bend, flare and 
flange, coil, and pressure — are 
conducted. Rigid corrosion tests are 
made on all lots intended for corro- 
sive applications. When requested, a 
unique “single-wall’’ X-ray inspec- 
tion is made as your final assurance 
of a sound, uniform product. 

Why not take advantage of Trent 


For more information, turn to Reader Service card, circle No. 399 





quality when you order stainless or 
high alloy tubing? For further in- 
formation, write for the Trent tubing 
handbook, Trent Tube Company, 
East Troy, Wisconsin. 


*Trademark of Haynes Stellite Co. 


TRENT 
TUBE 
COMPANY 


Subsidiary of Crucible Steel Company of America 


GENERAL OFFICES: EAST TROY, WISCONSIN 
MILLS: EAST TROY, WIS.; FULLERTON, CALIF. 
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AT WORK 





Acrylic Sheet Used in 
Electrolytic Computer 


A unique application of acryli 
sheet is making possible an ex 
tremely complex job of fact gath 
ering in an electrolytic analog 
computer—a device which sup 
plies information about heat con- 
ditions in the interior of nuclear 
reactors. 

As designed by Nuclear Devel- 
opment Corp. of America, the 
computer solves these problems 
by setting up an analogous situ- 
ation in which measurements of 
electric current and voltage in an 
electrolytic liquid are made com- 
parable to conditions of heat flow 


ne | and temperature in the corres- 
lla On 0 | ponding locations of a nuclear 
SEB | reactor. 


The tank containing the elec- 











99 P trolyte is made of acrylic sheet. 
your ‘‘hourly’’ Assurance with It measures 3 ft wide, 5 ft long 
7920 14-in. holes bored at %-in 

intervals on the top surface (see 

photo). Readings are taken by 

— T i - are placed in the tank and ar- 

COLD FINISHED a. ranged in configurations which 
simulate the shape of the reactor 

core or fuel element under study. 


and 3 in. deep, and has a total of 
means of 1500 electrodes which 
After the holes are bored, stain- 


Constant working qualities that save you time 


and money are the “pay-off” to you from | less steel inserts are force fitted 
into the holes and the surface is 
finished by hand scraping and 
liquid polishing. 


Wyckoff ceaseless research and Wyckoff 
quality controlled products. 


° 
AD Sitey 
oe * toe, 










% 
= 


YCKOFF STEEL COMPANY 


GENERAL OFFICES : 
Gateway Center, Pittsburgh 30, Pa. 
Branch Offices in Principal Cities 
Works: 
Ambridge, Pa., Chicago, tll., Newark, N.J., Putnam, Conn. 









WYCKOFF STEEL PRODUCTS—Carbon, Alloy and Leaded 
Steels * Turned and Polished Shafting * Turned and 
Ground Shafting * Wide Flats up to 12” x 2” and 14” 

x 114" * All types of furnace treated Steels Commercial Plastics and Supply Corp. 


7920 holes were drilled in acrylic 
sheet, yet surface remained flat to 
within 0.008 tn. 
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Swedlow specializes in Jefe t-yastesee: 





The solution to your heat problem is in the following... 


Swedlow’s 
2aluminum-metallized 
heat reflective laminates 


( 


MINIMUM WEIGHT ¢ MINIMUM BULK — By combining the 
principles of highly efficient reflectivity of aluminum-metallized 
surfaces with the low thermal conductivity of glass fabric reinforced 
plastic laminates, Swedlow’s.“"— 101” metallized coatings ofter 
protection up to 1650° F. The metallic coating protects the base 
laminate from thermal degradation. 

APPLICATIONS—In flat sheets, or molded into complex contours, 
these materials are suggested as highly efficient heat blankets for 
compartment insulation, valve protection, exhaust heat damping, 
and other applrcations where there is prolonged high 

temperature expaqsure. 


Swedlow's silicone 
plastic laminates 





e. 6502 


Swedlow's X5G-138 and X5G-176 silicone base materials are avail- 


Silicones 
Phenolics 

Epoxies 

Reflective coatings 
Sheet materia/s 
Molded parts 


High temperature 


sheat 














Swedlow’s high temperature 
Phenolic plastic laminates 


600; 


STABLE PHYSICAL PROPERTIES UNDER HIGH TEMPERATURES— 
Swedlow’s X4G-116 is a high-temperature phenolic laminate that 
offers unusual physical stability at high temperatures up to 600°F 

It is available in flat sheets, and can be molded to complex contours 


APPLICATIONS— Fins, stabilizers, missile nose cones, adapter rings, 
closure rings, and similar applications. May be used in airstreams 
at missile speeds. 


Swedliow's epoxy- 
plastic laminate 


450; 
Swedlow's XOG-141 epoxy-plastic laminate gives the user an 
electrical insulating material resistant to fracture and warpage in 
installation, with characteristics of very low moisture absorption and 
high physical strengths over a prolonged temperature gradient. 
Approved under MIL-P-18177. Conforms to NEMA standards for 








welded honeycomb cc 





. able as flat sheeting or molded parts and offer protection up to 650°F type G-3 materials. 
Swedlow's X5G-138 provides maximum strength per unit of APPLICATIONS— Air conditioning and heat distribution ducts. 
thickness and weight and is recommended for applications requiring Winding barriers and ducting in transformers. Sheeting for circuitry | 
+ . } 1] . ’ re ; ; ’ 
flat sheets or simple contoured molded parts installations. Dielectric capacitors for condensers. Terminal board 
The X5G-176 laminate has slightly lower physical properties than and strip applications in electronic equipment. Coil spacers and 
: X5G-138 but is recommended for applications requiring relay bases in magnetic devices. Mounting plates, contact spacers and 
complex contours. shielding for control devices. 
APPLICATIONS — Missile nose cones, exit cones, fins, stabilizers, 
? adapter rings, closure rings, and similar uses. Applications in 
° airstreams at missile speeds are possible. 
' 
- Swedlow's high temperature > oO > ° 
hon mb cor 500 - OOO; | 
welded ho eyco b core i Los Angeles, California ) 
y : TY We Vv Youngstown, Ohi 
5 HIGH STRENGTH-WEIGHT RATIO * HIGH RIGIDITY-WEIGHT RATIO * HIGH i 5 gs ‘ 10 , 
f VIBRATION DAMPING * HIGH FATIGUE RESISTANCE—The use of high PLASTICS COMPANY | Please refer to Dept 18 


temperature honeycomb core is expanding rapidly in a wide variety of aircraft 











and missile assemblies and parts, particularly where such parts experience 

high engine temperatures, aerodynamic heating, and corrosive environments 
On your production line, use of honeycomb core assemblies reduces the number 
of parts, simplifies fabrication and assembly, reduces tooling, floor space and 
over-all costs per pound, and cuts repair and rework. Face sheets may be brazed 








For short duration of time the temperatures given for the 
above materials may be raised appreciably. Each application 
must be considered individually. 








to the core by the user for use at temperatures approximating 2000° F., or 


adhesives may be used if temperatures do not exeed 500° F. 


APPLICATIONS — Wherever structural strength and corrosion resistance are 


= 


required at extreme temperatures... with light weight 


cf all types reflective coatings, ceramics, plastics, metals 


A highly trained staff of engineers and technicians will be 
pleased to assist you on the use of these materials for high 
temperature service. Please contact the plant nearest you 


heat 
problems”? 


} 
} 
Swedilow is continuing research in high-temperature materials 
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J&l Stainless Steel Division's New Wire Mill 
Offers Wide Range of Wire Sizes 


The increasing use of stainless steel wire in new its new wire mill... to make available stainless 

i product development, old product imprcevement wire in a wide range of sizes, finishes and coatings. 
and for experimental purposes has placed a new 
responsibility on the manufacturer of quality 
stainless steel. 


For data regarding wire, its properties and uses, 
consult our Stainless Steel Wire Manual. For spe- 
cial applications write in detail giving complete 
To meet this growing need, J&L Stainless Steel information about your requirements. 


Division is pleased to announce the opening of 


cE BAR * WIRE * SHEET © STRIP 
es 


4 


Oo Ce : stainless 
f yr as Wire now for your copy 
[\ CAA? gteel wire 





of J& L's new Stainless 
Steel Wire Manual. 
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... AT A GLANCE 


1957 OUTPUT OF PIG IRON SET AN ANNUAL RECORD of 79,339,671 net tons. According 
to American Iron & Steel Institute, last year's production was 1% 
million tons greater than the previous record of 77,790,000 tons set 
in 1955. In 1956, 75,960,000 tons were produced. 


DU PONT'S DACRON POLYESTER FIBER MAY BE IN FOR SOME COMPETITION within the 
next year or two. According to recent reports, at least two other 
companies—Beaunit Mills, Inc. and Tennessee Eastman Co.—have 
developed polyester textile fibers that are beyond the laboratory 
Stage. In fact, Beaunit has announced definite plans to puta 
10-million-lb=-per-year plant on stream sometime next year. 


ZINC SMELTING HAS BEEN DISCONTINUED at Eagle-Picher Co.'s Henryetta, Okla. 
plant. According to John Wade, plant manager, resumption of opera= 
tions will await an increase in zinc consumption. The plant was 
reactivated last November after a four month shutdown resulting from 
a contract dispute. At that time, Eagle-Picher said it was "gambling" 
on tariff increases to create greater domestic markets. 


PYROCERAM IS NOW COMMERCIALLY AVAILABLE from Corning Glass Works. The new 
material, described as a crystalline ceramic (see MATERIALS IN DESIGN 


ENGINEERING, July '57, p 142), is being produced initially in the 
form of tubing and plate. 


COILED STRIP STEEL OUTPUT HAS BEEN INCREASED by more than 100,000 lb per 
month at Jones & Laughlin Steel Corp.'s Aliquippa, Pa. plant. 
According to Jones & Laughlin, the new 44-in. semicontinuous hot 
strip rolling mill will produce strip steel up to 40 in. wide for 
use primarily in the manufacture of tinplate. 


NEW CUTS IN THE PRICE OF HIGH DENSITY POLYETHYLENE have been made by W. R. 
Grace & Co. and Phillips Chemical Co. According to both companies, 


a 4¢=per-lb reduction—from 47¢ to 43¢—applies to all general 
molding and extruding grades. 





A CUT IN NICKEL PRODUCTION of about 1250 tons per month has been made by 
International Nickel Co. of Canada. According to the company, the 


€ For more information, circle No. 427 
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world's largest nickel producer, even further cuts may be necessary 
". - - unless business shows a quick upturn." Last year Inco produced 
about 145,000 tons, or approximately 60% of the total free world 
nickel output. 


PRICE REDUCTIONS ON TWO GRADES OF SELENIUM have been effected by American 
Smelting & Refining Co. Common grade is now $7 per lb, down from 
$7.50, and high purity grade is now $9.50 per lb, down from $10.50. 
Canadian Copper Refiners, Ltd. also reduced its selenium prices to 
the same levels. 


PRODUCTION OF COPPER HAS BEEN CUT 3500 tons per month by Kennecott Copper 
Corp. According to the company, the reduction is aimed at putting 
supply and demand "more nearly" in balance. In January, Kennecott 
decreased production by 3800 tons per month. 


POLYSTYRENE PRICES HAVE BEEN REDUCED by Dow Chemical Co. Certain formula- 
tions of crystal are now 24%¢ per lb, down from 25¢; colored 
polystyrene is now 27%¢ per lb, down from 28¢. 





IRON POWDER IMPORTS ARE CONTINUALLY DECREASING, according to Kempton H. 
Roll, executive secretary of the Metal Powder Assn. In 1956, about 
22,500 tons of iron powder were produced domestically and about 
10,000 tons were imported. In 1957, domestic production increased 
to almost 25,400 tons, and imports dropped to about 5000 tons. 





DOW CHEMICAL CO. HAS ENTERED THE LIQUID EPOXY RESIN FIELD with the introduc- 
tion of three basic resins which it says are designed to be of 
interest to the tooling, electrical, paint, adhesive, reinforced 
plastics and chemical industries. 


A NEW TANTALUM-COLUMBIUM PILOT PLANT has been put into operation by U. S. 
Industrial Chemicals Co. The plant will produce between one and three 
tons of combined metals per month. According to USI, the two metals 
will be produced in approximately equal quantities although variations 
from 10% tantalum up to 60% tantalum are possible, depending upon the 
ore used. 


GLASS=-REINFORCED POLYESTER LAMINATE PRICES HAVE BEEN REDUCED by Glastic 
Co. According to a recent announcement, the 58¢-per-l1b base price for 
Grade TS now applies to 300-lb quantities instead of the usual 2000-lb 
quantity. And Grade 618, used for Class B electrical insulation, has 
been reduced from 86¢ per lb to 76¢ per 1b (for 2000-l1b quantities). 


Turn to page 194 for more “Prices and Supply” 
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ESCO te 
CENTRIFUGAL 


CASTINGS MEET 


NUCLEAR 


SPECIFICATIONS 


ESCO Spuncast“, a centrifugal casting process 
for making symmetrical, tubular parts, is espe- 
cially adapted to the manufacture of nuclear 
stator shells, piping and scram rods, for atomic 
power installations. 

The Stator shell (illustrated), used to make 
“canned” or hermetically sealed pump motor 
housings, is a 1,300-lb. Spuncast casting. The 
“built-in hole” saves countless hours of machin- 


ing time as well as substantial savings in waste 
metal. 

Cast to rigid specifications (MIL-S-18262, 
Class 1, 100% dye penetrant and radiograph in- 
spected to ASTM E71 class 2, standard), these 
stator shells are typical of the exacting metal- 
lurgical jobs handled economically every day at 
ESCO. The Spuncast process is only one of sev- 
eral processes available at ESCO. 

Call your nearest ESCO representative today for 
details. Ask for your free copy of ‘‘How to Cut 


Costs With ESCO Spuncast’’, a 12-page brochure, 
or write direct. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2163 N. W. 25TH AVE. + PORTLAND 10, OREGON 
MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL 
Offices in Most Principal Cities 


ESCO INTERNATIONAL, NEW YORK, N. Y. 
IN CANADA ESCO LIMITED 


For more information, turn to Reader Service card, circle No. 532 
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This part cast from a magnetic alloy, 
Hipernik®, cut production costs 80%. 


CUT COSTS WITH 
INVESTMENT CASTING 
OF MAGNETIC ALLOYS 


Many of today’s alloys are difficult or impossible to 
machine or forge. Many magnetic parts and com- 
ponents are so intricate in shape that to machine 
them would require multiple set-ups. Investment 
casting minimizes machining costs, yet retains the 
magnetic properties you need. 

Westinghouse can provide castings of high-nickel 
magnetic alloys that retain comparable magnetic 
properties of wrought materials. With value and cost 
analysis so important, consider precision investment 
casting of your magnetic product components. 

Whether you need small quantities of prototype 
parts or production runs, the Westinghouse Metals 
Plant has the complete metal facilities and experi- 
enced engineers to help improve cost and quality of 
your component parts. For further details on Invest- 
ment Castings, ask for DB-52-500. Write Westing- 
house Electric Corporation, Materials Manufactur- 
ing Department, Blairsville, Pa. J-05006 


vou cane sure..ons Westinghouse 
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AND SUPPLY 


Magnesium Use Down; 
Production Up in 1957 


Based on preliminary reports 
issued by the Bureau of Mines, 
domestic consumption of primary 
magnesium in 1957 is estimated 
at 47,000 tons—a decrease of 12% 
from the 53,000 tons used in 1956. 
Production, on the other hand, 
increased by more than 18%— 
from 68,000 tons produced in 1956 
to 81,000 tons in 1957. 

According to the Bureau, a 
significant portion of the reduc- 
tion in magnesium consumption 
can be attributed to the discon- 
tinuance of requirements calling 
for magnesium’s use as a reducing 
agent in the production of tita- 
nium. Adjustment of the defense 
program in mid-year is also said 
to have had some influence. 

Indications are, however, that 
1958 will see increased usage of 
magnesium for structural appli- 
cations. This prospect is based on 
technical data published last year 
which indicate that improvements 
have been made in casting, roll- 
ing, forging, extruding, joining, 
surface finishing, etc. 


Powder Metallurgy 
Holding Its Own 


The powder metallurgy indus- 
try is in a “relatively firm posi- 
tion,” according to Kempton H. 
Roll, executive secretary of the 
Metal Powder Assn. This state- 
ment is based on the fact that 
1957 consumption of iron powder 
(considered to be a_ bellwether 
of the entire powder metallurgy 
industry) amounted to 30,500 
tons, or only 6% less than the 
32,600 tons produced in 1956. The 
6% decrease, Mr. Roll says, com- 
pares favorably with Dept. of 
Commerce reports which indicate 
that over-all industrial activity in 
1957 decreased by approximately 


71, to 8%. 








Perfect finish retained” 
“This reject problem is licked” 


“Downtime certainly has-been reduced” 
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“Nothing more to be desired in quality and finish’ 


“Stands up very well under standard fabricating methods” 


K. R. Craft, Vice President, The Seeburg Corp., Chicago, with one of the company's famous juke boxes. The brilliant 
reflectivity and durability of Nickeloid pre-plated metals is an important factor in the product's eye-catching good looks. 


NICKELOID METALS SAVE 4 PRODUCTION STEPS— 
REDUCE REJECTS FOR THE SEEBURG CORPORATION 


Standard fabricating methods are used to stamp and 
form juke box trim. Nickeloid Metals eliminate ma- 
chinery tie-up; rejects are less than 1%. 


= . - 3 


Stamping Nickeloid chrome steel, protected with Mar- 


Not adhesive-backed paper which is easily peeled off. 


Finished part will need no polishing. 


Pre-Finished Design Material is Easily Worked 
With Standard Fabricating Methods 


The Seeburg Corporation uses Nickeloid pre-plated chrome steel to achieve 
functional beauty and attention-value . . . economically. Before switching to 
Nickeloid, the company did its own cleaning, plating and buffing. The job 
required four —sometimes five more operations than are now necessary. Ac- 
cording to Mr. Craft, “The tremendous cost of plating and buffing was not only 
more expensive and much more time consuming, but the finished product had 
to be inspected, and the rejections on plated and buffed metals was very much 
higher than it is with Nickeloid. Economically, the Nickeloid Metals have 
proved themselves in production.” 

Using standard fabricating methods, Nickeloid Metals need only be stamped 
and formed —then assembled. By capitalizing on this pre finished method of 
production, this leading manufacturer has eliminated the machinery formerly 
required for plating, polishing and buffing — saved four or five production steps, 
and is producing a better end product with less manpower. Can you use these 
advantages in your operation? 


14 finish-to-base metal combinations — sheets, coils, strips. 


WRITE TODAY FOR FREE LITERATURE Seen "Tari 


SINCE 1898 


AMERICAN NICKELOID COMPANY 


PERU 6, ILLINOIS 


For more information, turn to Reader Service card, circle No. 484 
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acne nn No other material 
2 solves so many 
problems so simply 


—— TTT 


based on 
‘s National Aniline's NACCONATES® 












































Their amazing versatility of form and wide range of use- 
fulness are well matched by the many labor-saving ways 

a ( urethanes can be fabricated. Only a few of the possibili- 
ties are shown here! 


j However you use them you'll find urethanes easy to 
handle, economical and full of new design ideas in cush- 
ioning, packaging, vibration isolation, shock absorption 
or insulation against heat, sound and electrical loss. 


As suppliers of NACCONATE® Diisocyanates, basic 

urethane components, our application laboratory has 

netting or deep casting developed much valuable information which is yours for 
the asking. A brief note, on your company letterhead. 
outlining your particular interest will enable us to be 
specific in reply. 


Hitze 


hemical 





NATIONAL ANILINE DIVISION 
p ALLIED CHEMICAL CORPORATION 
dwich ce 40 RECTOR STREET, NEW YORK 6, N.Y. 


wa Akron Atlanta Boston Charlotte Chattanooga Chicago 
Greensboro Los Angeles New Orleans Philadelphia 
Portiand, Ore. Providence San Francisco Toronto 


For more information, turn to Reader Service card, circle No. 510 
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1958 Castings Congress Schedules 100 Papers 


The 1958 Castings Congress 
and Foundry Show, sponsored by 
the American Foundrymen’s So- 
ciety, will be held May 19-23 at 
the Cleveland Public Auditorium. 
According to S. C. Massari, AFS 
technical director, the “. . . pur- 
pose of the Castings Congress is 
to assist world foundrymen to 
pour castings that will be 
thoroughly acceptable to the de- 
sign and materials engineers 
working in an almost unlimited 





number of industries.’ 

To achieve this goal, a program 
including approximately 100 tech- 
nical papers on virtually every 
aspect of the castings industry 
has been planned. Some of the 
fields to be covered are: Light 
metals—several sessions devoted 
exclusively to the interests of die 
casters and permanent’ mold 
founders; gray iron—a session on 
“Basic Microstructures” and one 
on “Relation of Mechanical Prop- 

















“I don’t care. I’m sick of his prattle about precipitation hardening.” 








erties to Microstructures”; maile- 
able iron—a session on “Supple- 
mental Heat Treatment of Pear- 
litic Matleable’”; brass and bronze 

-a roundtable discussion on 
“New Developments in Copper- 
Base Alloy Casting Methods’; 
sand casting—a paper on “Hot 
Deformation of Molding Sand.” 

Also scheduled are special ses- 
sions on heat transfer, safety, 
hygiene, air pollution control, in- 
dustrial engineering and cost; and 
three foreign papers: “Influence 
of Heat on Bonding Properties of 
Bentonite,” by Dr. Franz Hoff- 
man of Switzerland, ‘“Controlled- 
Slag Hot Blast Cupola,” by D. 
Flemming of the Institute of 
British Foundrymen, and “Gases 
in Cast Iron,” by L. W. L. Smith 
of the British Cast Iron Research 
Assn. 


Committee on Cermets 
Established by ASTM 


A new study committee on cer- 
mets was organized by the Ameri- 
can Society for Testing Materials 
during the Society’s Committee 
Week recently held in St. Louis. 
According to ASTM, the commit- 
tee was established “. . . in order 
to more thoroughly review the 
field of materials ... and to make 
recommendat‘ons as to how the 
Society may keep abreast of de- 
velopments leading ultimately to 
the establishment of proper stand- 
.rds.” 

One of the first problems facing 
the committee is the selection of 
. proper definition of the mate- 
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Long Kiln- Short Delivery 


a 





High Alumina 
Ceramics 


Fast delivery of 95% and 85% High Alumina, to your rhost 
critical specifications, is assured by Centralab’s new 80 foot 
continuous kiln. First of its design in the United States, this 
new kiln is capable of producing 21 tons of exceptional 
quality High Alumina every month. Consistent reproduction 
of electrical and physical properties from batch to batch 
is guaranteed. 


Superior Electrical Properties 
at High Frequencies 


Extremely stable dielectric constant and a power factor of .00045 
at 9000 megacycles (see graphs of Bureau of Standards tests 
below) make Centralab Body 206 (95% alumina) your logical 
choice for all types of high reliability electrical and electronic 
applications. 


-Oo100 


POWER 
FACTOR 


-0005 





DIELECTRIC 
CONSTANT 


LOSS 
FACTOR 








ae] 1mMc 1OMC 1OOMC 1,000MC 10,000MC 


For complete specifications and design data write Centralab or 
consult Sweet’s Product Design File (folio 4 a/ce). 


A DIVISION OF GLOBE-UNION, INC. 
ny 946E E. KEEFE AVE. * MILWAUKEE 1, WIS. 
<> “ In Canada: 804 Mt. Pleasant Rd. + Toronto, Ontario 

X-5830 ® iA 


VARIABLE RESISTORS e@© SWITCHES © PACKAGED ELECTRONIC CIRCUITS 
CERAMIC CAPACITORS e ENGINEERED CERAMICS e SEMI-CONDUCTOR PRODUCTS 
For more information, turn to Reader Service card, circle No. 440 
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rials loosely referred to as cer- 
mets. According to ASTM, the 
selection of an appropriate defi- 
nition is complicated by the lack 
of clear-cut definitions of such 
common terms as “ceramic,” 
“metal” and “alloy.” <A definition 
which is being considered by the 
group is: “A heterogeneous body 
composed of two or more inti- 
mately mixed but mechanically 
separable phases, of which at 
least one is metallic and one ce- 
ramic.” 

Initial work of the committee 
will include 1) the circulation of 
questionnaires in order to obtain 
a list of existing standards which 
might be applicable with or with- 
out modification, and 2) the de- 
velopment of a symposium on the 
properties of cermets. 


Reactive Metals Show 
Set for End of Month 


The 3rd Reactive Metals Con- 
ference and Exhibit of the Metal- 
lurgical Society of the American 
Institute of Mining, Metallurgical 
and Petroleum Engineers will be 
held May 27-29 in the Statler- 
Hilton Hotel, Buffalo, N. Y. 

Papers will be presented on 
columbium, tantalum, hafnium 
vanadium, uranium, rhenium, 
tungsten, molybdenum and 2irco- 
nium. The exhibit will include 
displays by manufacturers and 
fabricators of reactive metals, as 
well as suppliers of materials and 
equipment. 

The program includes a visit 
to Carborundum Metals Co.'s 
plant. 


ASM to Hold Mecting 
on Nuclear Metallurgy 


A regional meeting on Nuclear 
Metallurgy, sponsored by the 
American Society for Metals, wil! 
be held on May 19, in Washing- 





re 
































a “* Don’t know about you ‘Rob’ but ['m knockin’ off for lunch.’ 
im 
* A more than adequate engineering staff, long years of experi- 
de ence—plus plenty of imagination—makes H & H Tube and 
nd Manufacturing Company a good place to go when you have 
+ a tough tubing problem. And there’s no better time to look 
for that fresh approach, than now—in the spring. So why 
sit Expect the BEST , _ 4 , 
‘ brase and copper wait? You may be missing out on quality, economies and 
2 . ° 
products from service you never thought possible. It costs nothing to learn 
H Ld what H & H has to offer. And the time to do it is right now. 
) & TUBE AND MANUFACTURING CO. 
y 252 N. Forman Avenue, Detroit 17, Michigan * Offices from Coast to Coast | 
ar ' 
hn ES Se. 
ill on Sep, | 
g- 


METALFLO LOCKSEAM COIL STRIP SEAMLESS TUBING TUBULAR PARTS 


Fer more information, turn to Reader Service card, circle No. 426 
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jiere are thirteen 


-@ SPRINGS 


in this dependable 


AGASTAT’ 


time delay relay 





—because |I-S Beryllium 
Copper Springs provide — 


e EXCELLENT ELECTRICAL 
CHARACTERISTICS 


e COMPLETE FREEDOM 
FROM FATIGUE 


e SUPER PRECISION ACCURACY 


AGASTAT* time delay relays are known 
world-wide for dependability... function 
faithfully in tropic heat and polar cold. The 
thirteen I-S Beryllium Copper Springs in- 
corporated in the design help maintain the 
reputation of AGASTAT for exceptional 
dependability in continuous service. I-S 
Engineers are widely experienced in design- 
ing beryllium copper springs to obtain max- 
imum performance at minimum cost. They 
will gladly make recommendations for solv- 
ing your particular problem. 

CATALOG AVAILABLE on Beryllium 
Copper compression springs, flat springs, 
strip springs, contact strips, contact rings 
and screw machine parts. Call or write for 
your personal copy today, or consult Sweets’ 
Product Design File. 


*AGASTAT is a registered trade mark of Elastic Stop 
Nut Corp. of America, 1027 Newark Ave., Elizabeth 3, N. J. 


INSTRUMENT 
SPECIALITIES CO - INC 


224 Bergen Bivd., Little Falls, New Jersey 
Telephone: CLifford 6-3500 
“MICRO. zag, .--PROCESSED” 


Ae J 


For more information, turn to Reader Service card, circle No. 435 
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ton, D. C. 
“Materials Problems in Nuclear 
Reactors” and “Radiation Effects 


The papers include 


”” 


on Materials.” The one-day meet- 
ing will include a field trip to the 
Naval Research Laboratory Re- 
actor. 

Further information may be 
obtained from Mr. N. C. Fick, 
general chairman, 836 24th St., 
S., Arlington, Va. 


NYU Offers Symposium 
on Reactor Materials 


A special symposium on “Mate- 
rials for Nuclear Reactors” has 
been planned by the Dept. of 
Metallurgical Engineering, New 
York University, for the week of 
June 9th. Some of the topics 
scheduled for discussion are: 
nuclear physics; general materials 
considerations; ceramics and 
graphite; zirconium and _ beryl- 
lium; corrosion—aluminum, zirco- 
nium, stainless steel and uranium 
alloys; design considerations; and 
trends in reactor development. 

For further information, con- 
tact C. G. Goetzel, Senior Research 
Scientist, Dept. of Metallurgical 
Engineering, College of Engineer- 
ing, New York University, Uni- 
versity Heights, New York 53, 
| a # 


Engineers 





William H. Mutschler has been ap- 
pointed chief engineer, Pittsburgh 
Works, Allis-Chalmers Mfg. Co. 


A. J. Talamini, has been named di- 
rector of engineering, Electro Tec 
Corp. 

John G. Booth has been appointed 
general manager, Davies Laborato- 
ries, Minneapolis-Honeywell Regu- 
lator Co. 

George A. Gibbs is now chief metal- 
lurgical engineer and chemist in 
charge of plant production and 


For more information, circle No. 475 ? 




















Sharon metallurgists have for the past decade 
concentrated on the development of better 
saw steels. As a result, they have established 
an industry-wide reputation for steels with 

a balance of toughness and hardness to absorb 


























Exacting physical requirements such 
as fatigue resistance, tensile strength 
and drawing properties are easily 
met by SOMERS, where complete 
facilities include a modern labora- 
tory equipped for chemical, elec- 
trical and performance testing of 
all SOMERS THINSTRIP—both in 
process and before shipping. 


The latest electronic gages, controls 
and other precision instruments 
guarantee uniform quality every 
time in nickel and its alloys from 
.020” and copper and its alloys 
from .010”, both down to .000175”. 


Special requirements are “run of the 
mill” for SOMERS. Write for confi- 
dential data blank or field engineer. 


oR EXACTING STAN DARDs On, 
‘ a 





Somers Brass Company, Inc. 
108 BALDWIN AVE., WATERBURY, CONN. 


For more information, circle No. 423 
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quality control, L-S Plate and Wire 
Corp. 


John P. Klembeth has been appointed 
product engineering manager and 
Richard A. Bennett chief mechanical 


research and development engineer, 
Milton Roy Co. 


Dr. Nat C. Robertson has been ap- 
pointed general manager, research 


and development, Spencer Chemical 
Co. 


Austin L. Stowell has been appointed 
to the newly created position of 
director of product research, and 
Robert F. West has been named 
director of product engineering, 
Stanley Tools, a division of Stanley 
Works. 


George D. Cowie has been named 
assistant chief engineer, Plymouth 
Div., Chrysler Corp. 


Gustaf A. Wallenstrom has been ap- 
pointed to the newly established 
position of consulting engineer, Tech- 
nical Products Dept., General Elec- 
tric Co. 


Edward E. Kirkham has been named 
chief development engineer and head 
of the experimental dept., Machinery 
Div., Pratt & Whitney Co. 


Murray Kanes is now director of 
engineering, Friez Instrument Div., 
Bendix Aviation Corp. 


Dr. J. W. Luthy has been named 
director of applications, Dyestuff and 
Chemical Divs., Sandox, Inc. 


Otmar E. Teichmann has been ap- 
pointed associate director of engi- 
neering at Borg-Warner Corp.’s Des 
Plaines, Ill. center. 


T. E. Veltfort, managing director of 
the Copper and Brass Research 
Assn., has been elected chairman of 
the Standards Council, American 
Standards Assn. 


Donald O. Swan has been named 
general manager of the Petroleum 
Specialties Dept., a newly formed 
corporate department of Esso Stand- 
ard Oil Co. 


Dr. Joseph V. Petrocelli has been ap- 
pointed head of the electrochemical 
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WHAT'S YOUR 








Gamble research 
helps improve 
CONVEYORS! 


THE PROBLEM. Conveyor deflector bars have 
to be tough enough to withstand the re- 
peated impact of conveyed objects. If they’re 
not, the bars break in the middle or split 
horizontally. In either case, the result is 
production equipment downtime as well as 
maintenance expense. 


THE RESULT of Gamble testing and develop- 
ment: a laminated hickory deflector bar 
that is actually thinner than the old solid- 
wood “problem” bars. Lamination assures 
more uniform strength (little chance of 


| weakest parts of individual pieces lining 





up). Hickory assures greater and more 
consistent strength. New thinness assures 
greater resiliency. They all add up to longer 
conveyor life . . . less time spent in down- 
time for repairs. Perhaps Gamble could 


| help with your wood problem. 


Send for FREE booklet 
Illustrating GAMBLE services 





This 28-page booklet describes Gamble 
facilities and services in detail. Includes 
many photographs of unusual products 
designed, tested and perfected by Gam- 
ble Brothers. Write for your copy today! 
Gamble Brothers, Inc., 4627 Allmond 
Avenue, Louisville 9, Ky. 


GAMBLE BROTHERS 


Incorporated 


Louisville 9, Kentucky 


If the problem involves WOOD 
—GAMBLE can help! 





For more information, circle No. 375 





LINED STEEL PIPE © FLANGED FLEXIBLE HOSE * 


Get the best out of Teflon 
with this flexible hose... 


completely corrosion-proot 


¢ Chemically inert from end to end — 
non-contaminating and universally useful 


* Flanged ends — liner covers full gasket 
face for continuous protection 


* Unaffected by corrosive fluids — 
special compound of Teflon developed for 
maximum life 


Here’s a hose exclusive on two counts. (1) 
It has flanged ends — the first fluorocarbon 
hose to have them. (2) It has the patented 
Fluoroflex-T tube. 


Tube extends to cover the full gasket face 
of the flange, forming a continuous and 


integral assembly of hose and flanges. Fluid 
cannot contact metal. Eliminates need for 
costly alloy fittings. 

Cleaning problems are simplified, too. The 
smooth, continuous bore prevents entrapment 
of materials. 

A special, high-density, non-porous com- 
pound of virgin Teflon, Fluoroflex-T is com- 
pletely inert to virtually all known chemical 
and corrosive solutions, solvents and gases to 
500° F. Write for data. 

RESISTOFLEX CORPORATION, Roseland, N.J. 
Other Plants: Burbank, Calif.; Dallas, Tex. 


® Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
® Teflon is DuPont's trademark for TFE fluorocarbon resins 


RESISTOFLEX 


Complete systems for corrosive service 


For more information, turn to Reader Service card, circle No. 452 
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Transistors Subjected to Heat, 


Cold and Humidity 





...in this Cincinnati 
Sub-Zero Environ - 
mental Test Unit. 


Custom-built to specifications, 
a new model SU-40-8-HC Cin- 
cinnati Sub-Zero test unit is 
providing vital product data at 
Federal Telecommunications 
Laboratories, Palo Alto, Cali- 
fornia. Used to test transistors 
and other electronic compo- 
nents, it is adjustable from 
minus 50° to plus 200° F., while 
maintaining a relative humidity 
of 95% between plus 80° and 
160° F. Compact and portable, 
it is ideally suited for a variety 
of test applications. 





Model SU-40-8-HC 


If you must have specific product reaction data at various temperatures, _ 
altitudes, humidities, etc., outline your requirements to us for a no-obligation 
recommendation on a unit built to your needs. 


Booth 976 
Convention Hall, Philadelphia 
May 1 to 8 


Cincinnati Sub-Zero Products 


General Offices and Plant: 
3930 Y 8 READING ROAD, CINCINNATI 29, OHIO 


Member Environmental Equipment Institute 
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Send for our latest 
12-page booklet, 
“‘Modern Precision 
Investment Casting.” 

t gives you full details 
of the “how and why” 
of Investment Casting. 





ALEXANDER SAUNDERS & CO. 


Precision Casting Equipment and Supplies 
93 Bedford Street, New York 14, N. Y. 
WAtkins 4-8880 


Photo and data courtesy of Precision Metaismiths, Inc. 
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section of International Nickel Co.’ 
Research Laboratory, Bayonne, N. J. 


E. Leonard Borg has been name 
manager, synthetic rubber devel- 
opment, Naugatuck Chemical Div.. 
U. S. Rubber Co. 


Fred Kohler has been appointed di- 
rectory of research and Chester A. 
Tudbury chief engineer, New Ro 
chelle Tool Corp. 


Everett Gravenhorst is now director 
of engineering, Fluid Systems Div., 
Waldorf Instrument Co. 


Richard A. Shaw has been named 
chief engineer, Neff Instrument Corp. 


Companies 





Superior Tube Co. has completed its 
new million dollar plant in Wapa- 
koneta, Ohio. 


Gardner-Denver Co. has established 
two new metallurical laboratories, 
one at its Quincy, Ill. plant and the 
other at Grand Haven, Mich. 


Sargent Electric Corp. is a new divi- 
sion of Pyramid Instrument Corp. 


W. W. Cash Co. has moved its offices 
to a new building at 115 S. Main St., 
Decatur, Il. 


Crucible Steel Co. of America has 
acquired Rem-Cru Titanium, Inc. 
from Remington Arms Co. 


Curtiss-Wright Corp. has moved its 
Industrial and Scientific Products 
Div. to Rte. 533, Quaker Bridge Rd., 
Princeton, N. J. 


Fullerton Mfg. Corp. is the sixth and 
newest member of Franklin Research 
Corp. 


Mercast Corp. has acquired Gray & 
Huleguard, Inc., suppliers of equip- 
ment for use in missiles, jet aircraft 
and electronic devices. 


Isochem Resins Corp. is the name of 
Isochem Corp.’s new affiliate. 


Morningstar, Nicol, Inc. and its sub- 
sidiary, Paisley Products, Inc., have 
been merged to form a single corpo- 

(continued on p 209) 





POWDERS 


Grade B-280 
Reduced * 80 Mesh 


Improved Sponge 
lron Powder 
ao 
Complete 
Interchangeability 
For Present Dies 
* 
Competitively Designed 
e 


Competitively Priced 


PM 6d 


Send for Technical Data 
and Working Sample 


¥ 
YZ 


PLASTIC 
METALS 


Division 
National-U._S. 
Radiator ( orporation 


\ 4458 BRIDGE STREET | 


JOHNSTOWN, PA. 
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ration to be known as Morningstar- 
Paisley, Inc. 


Chicago Molded Products Corp. has 
inaugurated the Bachner Award, to 
be presented for “outstanding con- 
tributions to the practical applica- 
tions of plastics.” 


American Standard Co.’s Atomic 
Energy Div., has moved its offices to 
369 Whisman Rd., Mountain View, 
Calif. 


Rogers Corp. has formed a new divi- 
sion which will concentrate on high 
temperature materials for applica- 
tion in missiles and rockets. 


Cohu Electronics, Inc. has acquired 
Millivac Instrument Corp. and Vol- 
kers & Schaffer, Inc. The two will 
be formed into a single operating 
unit to be known as Millivac Div. 


Foster Wheeler Corp. has moved its 
New York offices to 666 Fifth Ave., 
New York 19, N. Y. 


General Machine Products Co., Inc. 
has moved to a new 60,000-sq-ft 
plant situated adjacent to the Phila- 
delphia Interchange of the Pennsyl- 
vania Turnpike in Trevose, Pa. 


M&C Nuclear, Inc. is the name of a 
wholly owned corporate subsidiary 
formerly known as Nuclear Products 
Div., Metals & Controls Corp. 


Neilson Chemical Co. has moved to 
new quarters at 2300 Gainsboro, 
Detroit 20, Mich. 


Minnesota Rubber Co. is the new 
corporate name of Minnesota Rubber 
and Gasket Co, The company’s sub- 
sidiaries have been centralized and 
given divisional status within the 
parent organization. 


LeMaire Machine Tool Co. is the new 
name of LeMaire Tool & Mfg. Co. 


Champion Paper and Fibre Co. has 
acquired half ownership of NRC Vac- 
ulite Corp., a subsidiary of National 
Research Corp. 


Tipptronics, Inc. has transferred its 
operations to Chagrin Falls, Ohio. 


Texsteam Corp., a subsidiary of 
Vapor Heating Corp., has purchased 








PLAST-IRON 
POWDERS 


NEW 


Grade A-213 
Electrolytic 100 Mesh 


Non-Laminating 
Electrolytic Iron 
Powder 
* 
Presses 
to Ultra-High 
Densities in One 


Operation 


Send for Technical Data 
and Working Sample 
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METALS 


Division 


National-U_S. 
Radiator ( ela ey ration 


4458 BRIDGE STREET 


JOHNSTOWN, PA. 
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COST REDUCTION 
PROGRAM CALLS 
FOR COLD HEADING 


Hassall Re-Design 
Often Means Big 
Savings on Parts 


The most important consideration 
we can point out to the designer or pur- 
chaser of fasteners and small parts is 
that any part which can be machined 
from rod stock is also potentially avail- 
able from the cold heading manufac- 
turer. This technique offers speed of 
production, without scrap loss, plus 
superior strength and appearance for 
low cost and high design efficiency. 

Perhaps our greatest contribution to 
your operation is our re-design service. 
An expert cold heading designer can 
very often study your drawings and 
come up with a modified part which 
will be lower in cost, stronger struc- 
turally, and easier for you to assemble. 

This spacer is typical of such a 
Hassall re-design. Note the customer’s 
drawing... this is a stamping, not too 
accurate, with poor bearing surfaces 
and not too easy to handle in assembly. 
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Screw Machined 
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Stamping—wire forming 
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Cold Headed 


Now, look at this spacer as re- 
designed for cold heading. Now, a 
double collar spacer which is very ac- 
curate, structurally much stronger, and 
with much better bearing surfaces. And 
lower in cost! 

Given complete specifications, includ- 
ing a drawing and an idea of the appli- 
cation, we can quickly tell you whether 
or not it will be advantageous to have 
your part or fastener JOB-DESIGNED 
by HASSALL. 

Write today for your copy of our 
new Catalog No. 106. 


John Hassall, Inc. 


P.O.Box 2174 
Westbury, Long Island, N. Y. 
Manufacturers Since 1850 
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the assets of Graham-Lemunyon 
Corp. 


Pittsburgh Plate Glass Co. will con- 
struct a new multi-million dollar 


continuous fiber glass yarn plant at 
Shelby, N. C. 


Societies 





American Foundrymen’s Society will 
give awards to the following men at 
the 1958 Foundry Show and Con- 
gress to be held May 19-23: Ralph 
A. Clark, Electro Metallurgical Co.; 
Howard J. Rowe, Aluminum Co. of 
America; William W. Maloney, 
American Foundrymen’s Society; 
Mervin H. Horton, Deere & Co.; 
Kenneth H. Priestley, Vassar Elec- 
troloy Products, Inc.; Franklin B. 
Rote, Albion Malleable Iron Co.; 
Frank S. Brewster, Brumley-Donald- 
son Co.; Ernest T. Kindt, Kindt- 


Collins Co.; and Fred G. Sefi 
International Nickel Co. 


National Screw Machine Prody 


the following companies: Affiliat 
Screw 
Products Co., Beacon Metal Mfg. Co., 
Gillette Safety Razor Co., Horton 
Co., Kinroth & Son Mfg. Co., Scit 
Automatic, Stewart-Warner Corp.. 
Vanamatic Co. and Walrod Machine 
Products, Inc. 


Structural Clay Products Institute 
has elected the following officers: 
president — Kenneth W. Dunwody, 
Cherokee Brick and Tile Co., vice 
president—Paul B. Belden, Jr., Bel- 
den Brick Co.; treasurer — George 
Gammie, Illinois Brick Co.; secretary 
—Joseph J. Cermak, SCPI staff; and 
chairman of the board and general 
counsel—Douglas Whitlock. 





has elected to members} 


as i OO wp 


Products Co., All Thre 


(News of Meetings on p 212) 





USE THE ‘SELECTOR'—You will find 
properties of most engineering mate- 
rials, plus names and addresses of 
suppliers, in M/DE’s Materials Selec- 


September. 
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SPECIALIZING IN HIGH 


Cinjection and 
compression molding 


CO reinforced plastics 


D aircraft 
electronics 
missiles 








COMPANY INCORPORATED 





124 Roberts Cut-off Rd. 
Ph, PE 2.1437 P, O. Box 9817 
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Form the shape you want with (ss) Galvanized Steel Sheets 
—the zinc stays on 


A garbage can lid starts out with a real is that the protective zinc coating stays on, 

wallop and has a tough life in front of it. This providing a finished product, fully protected. 

press at The F. H. Lawson Company in Cin- You can get the same results with USS Gal- 

cinnati, Ohio, turns out thousands of them vanized Steel Sheets. 

from USS Galvanized Steel Sheets. Call our local sales office or write to U. S. 
What’s important to The F. H. Lawson Steel Corporation, 525 William Penn Place, 

Company, and the folks who buy garbage cans, Pittsburgh 30, Pennsylvania. 


United States Steel Corporation — Pittsburgh 
Columbia-Geneva Steel — San Francisco i 
Tennessee Coal & Iron — Fairfield, Alabama t t St 
American Steel & Wire — Cleveland Un ited S a es ee 


United States Steel Supply - Warehouse Distributors 
United States Steel Export Company 





TRADEMARK For more information, circle No. 530 
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USTER-ON 


PIONEER IN 


CHROMATE 


NOW OFFERS DECORATIVE 


WOU 


ON ECONOMICAL 


[INL 


At long last you can now secure 
beautifully bright, gleaming colors 
from a simple LUSTER-ON chro- 


mate dip process for your zinc 
plated small parts. 


These are not just spotty identi- 
fication colors. These are scintil- 
lating golds, yellows, blues, greens, 
violets, reds, brass and copper hues 
that will add glamor and sales 


appeal. 


Especially Brilliant 
on Wire Goods 


Be the first in your field to offer this 
sales booster. Write or wire today 


for the full story on low-cost 
LUSTER-ON COLOR. 


Samples Gladly Processed Free 


West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 


Canadian Licensee: Alloycraft Ltd., Montreal 





For more information, circle No. 371 
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Meetings 
INDUSTRIAL HEATING EQUIPMENT 
ASSN., semi-annual meeting. Hot 


Springs, Va. May 18-21. 


NATIONAL ASSN. OF METAL FINISH- 
ERS, annual meeting. Cincinnati. May 
19-21. 


NONFERROUS FOUNDERS SOCIETY, an- 
nual meeting. Cleveland. May 19-21. 


AMERICAN ELECTROPLATERS’ SOCIETY, 
annual convention. Cincinnati. May 
19-22. 


62ND CASTINGS CONGRESS AND 
Founpry SHow, American Foundry- 
men’s Society. Cleveland. May 19-23 


AMERICAN IRON & STEEL INSTITUTE, 
annual meeting. New York City. 
May 21-22. 


ELECTRONIC INDUSTRIES ASSN., an- 
nual meeting. Chicago. May 21-23. 


REACTIVE METALS CONFERENCE, 
American Institute of Mining, Metal- 
lurgical & Petroleum Engineers. 
Buffalo. May 27-29. 


AMERICAN GEAR MANUFACTURERS 
ASSN., annual meeting. Hot Springs, 
Va. June 1-4, 


NATIONAL TELEMETERING CONFER- 
ENCE AND EXHIBIT, American Insti- 
tute of Electrical Engineers, Ameri- 
can Rocket Society, Instrument So- 
ciety of America and Institute of 
Aeronautical Sciences. Baltimore. 
June 2-4, 


AMERICAN Rocket Society, INc., 
semi-annual meeting. Los Angeles. 
June 8-11. 


SocieTY OF AUTOMOTIVE ENGINEERS, 
summer meeting. Atlantic City. June 
8-13. 


MALLEABLE FOUNDERS’ SOCIETY, an- 


nual meeting. Hot Springs, Va. June 
9-10. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, semi-annual meeting. 
Detroit. June 15-19, 


ALLOY CASTING INSTITUTE, annual 
meeting. Hot Springs, Va. June 21- 
24, 


AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS, 61st annual meeting and 
apparatus exhibit. Boston. June 22- 
28. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, summer general meet- 
ing. Buffalo, N. Y. June 26-27. 


SOCIETY OF THE PLASTICS INDUSTRY, 
INc., Midwest section conference. 
French Lick, Ind. June 26-27. 
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STRAITS 


TIN 
REPORT \~ | 


New developments in 
the production, mar- 
keting and uses of tin 





The Fish and Wildlife Service of the 
U.S. Department of the Interior has 
reported that “packaging frozen fish in 
tin results in superior storage life.” Only 
tin prevents the deteriorating action of 
seeping oxygen on frozen fish in cold 
storage Over a period of months. 





Considerable laboratory prog- 
ress has been made in the 
electroplating of tin as a 
bright coating through the 
addition of certain wood tars 
to the electrolyte. Some ob- 
servers feel there is a distinct 
possibility that this bright tin 
plating may take the place of 
metal polishing in many ap- 
plications throughout the 
metal industry. 














A new machine has been designed in 
England to help speed up mass produc- 
tion soldering. It consists of an elec- 
trically heated solder bath with motor- 
driven pump to provide a stationary 
wave of fresh solder, which is exposed 
to moving printed circuit boards. 


* * * 


An invention was recently patented 
which is expected to lengthen the life 
of heavily stressed bearings from a few 
weeks to several years. A mesh of 
tinned wire is embedded just below the 
surface of babbitted bearings before 
pouring . . . to prevent movement in 
the bearing surface leading to fatigue, 
cracking and spalling. 


Ask us to send you TIN 
NEWS, a monthly letier. 
it will keep you posted on 
tin supply, prices, new 
uses and applications. 





The Malayan Tin Bureau 
Dept. 24, 1029 Connecticut Ave., Washington 6, 0 C. 


For more information, circle No. 497 


For more information, circle No. 521 * 
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225 Ib/in 
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| coated with an alkyd alumi- Carbon steel coated with silicone aluminum 


subjected to 1000°F for 2 hours. finish, subjected to 1000°F for 24 hours. 


Write for more information... 


ENERAL @@ ELECTRIC 


Silicone Products Department, Waterford, New York 


pocccc ccc cron ------------ 


GB) SILICONE IDEAS 


Problem: Organic rubber parts failing because of tempera- 
ture extremes and ozone. High tear and tensile strength 
cannot be sacrificed. 


Solution: Replace with SE-555—silicone rubber with tear 
and tensile strength comparable to organic rubber. 


SE-555 is a new silicone rubber with tear and tensile 
strength double that of ordinary silicone rubber (see 
comparative typical values at left). Whenever maximum 
resistance to weather and temperature extremes (minus 
150°F to 500°F) is required, combined with high tear 
and tensile strength, specify SE-555. This is the only 
material available to rubber fabricators that meets AMS 
3345 requirements for tear and tensile strength, elonga- 
tion, heat resistance, compression set and low tempera- 
ture flexibility. SE-555 can be fabricated in practically 
any color, including white. 

You can order high strength silicone rubber parts imme- 
diately because SE-555 is available from stock for ship- 
ment to your fabricator. For more information and a 
list of qualified fabricators, mail the coupon below. 


Problem: Find a wire insulation to withstand extreme condi- 
tions of temperature, moisture and ozone. 


Solution: Wire insulated with G-E silicone rubber. 


Exposed to an 1800°F flame for hours, G-E silicone rub- 
ber insulation forms a non-conducting ash which still 
insulates. No toxic fumes are released, nor will it shrink 
and expose the conductor, as the laboratory demonstra- 
tion on the left shows. Silicone rubber has superior 
dielectric strength at high temperatures and keeps it 
for years. It has unparalleled ozone resistance, stays 
flexible down to minus 75°F or lower. Use silicone rub- 
ber insulated wire wherever temperatures are extreme, 
and where an extra safety margin is needed. Examples: 
aircraft wire, Class B and H motor and apparatus lead 
wire, electronic hook-up wire and control cable. Want 
more information? Send in coupon below. 


Problem: Extend the life and appearance of metal surfaces 
designed for high temperature operation. 


Solution: Special paints made with G-E silicones. 


Silicone based paints are finding increased application 
as corrosion-resistant or appearance-preservation coat- 
ings for many metals exposed to continuous temperatures 
as high as 1000°F. For instance, special aluminum- 
silicone paints often make it possible to use mild steel 
instead of stainless steel in industrial applications. High 
gloss silicone paints have proved to be amazingly dur- 
able finishes for heaters, appliances. etc. Gloss and color 
are retained up to 440°F, and the finish resists marring, 
scratching and chemical attack more than ordinary paints. 
Check into the performance advantages of high tempera- 
ture silicone paints. Special paint formulations have been 
developed by leading paint manufacturers for specific 
temperature ranges and applications. For more data, fill 
in the coupon below. 








Section D6B4, Silicone Products Dept. 

General Electric Company, Waterford, N. Y. 

Please send me application data and names of suppliers of: 
["] Silicone rubber mechanical goods 











[_] Silicone rubber insulated wire L_} Silicone based paints 
Name Title 

Company 

Address 














For more information, turn to Reader Service cord, circle No. 406 


Write for literature and service 
data sheets, or send prints and condition 
of operation for recommendations 
and quotations. 
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WEARING Parts 







Inquire About Promet Fully Machined 
CORED & SOLID BRONZE BAR STOCK 
Saves Time, Tools & Money! 


THE Amoucan Crucible propucts co. 


1325 Oberlin Avenue Lorain, Ohio, U. S. A. 














Here’s how you can keep up with 


| ADVANCED 
MATERIALS 
TECHNOLOGY 


Today industry needs new materials and methods to solve problems of 
increasingly higher temperatures, nuclear power production and unusual 
conditions of corrosion and abrasion. “ADVANCED MATERIALS 
TECHNOLOGY” is a new publication devoted to developments in this 
important new field. It's “top priority” reading for engineers, designers and 
research men faced with overcoming the limitations of conventional 
materials. Published quarterly by Carborundum, Niagara Falls, N. Y. 


Send today for FREE SUBSCRIPTION 
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: CARBORUNDUM, Niagara Falls, N. Y. | EM weremats 
Research & C nt Division, Dept. M een tOLOSy 
"MATERIALS TECHNOLOGY with your current issue. 
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TECHNICAL 
LITERATURE 





(cont'd from p 


Books 





Permanent Magnet Handbook. 
Edited by Earl M. Underhill. Cru. 
cible Steel Co. of America, Pit 
burgh, Pa., 1958. Cloth, 8 by 9% ; 
880 pp. Price $10 

Illustrated with photographs, 
charts and diagrams, this handbook 
is described as a complete authori- 
tative reference on the nature, char- 
acteristics and economic uses of 
permanent magnet materials. The 
book is divided into 12 color-coded 
sections for easy reference and is 
bound loose-leaf style so that its 
purchasers may add supplemental 
and revised data as it becomes avail- 
able. 

The handbook includes sections on 
permanent magnet design and meas- 
urements, theory of ferromagnetism, 
magnetization and demagnetization, 
and electromagnet theory. A 125- 
page specifications and data section 
presents nominal magnetic, physical 
and mechanical data, as well as de- 
magnetization curves, energy prod- 
uct values, and other information 
for all important permanent magnet 
materials. Other sections contain 
information on the manufacture, 
properties and uses of cast, wrought 
and sintered iron, and _ ceramic 
permanent magnet materials. 


Vacuum Symposium = Transac- 
tions: 1956. Edited by E. S. Perry 
and J. H. Durant. Symposium Pub- 
lications Div., Pergamon Press Inc., 
New York, 1957. Cloth, 8% by 11 in., 
240 pp. Price $12.50 

This book is designed to serve as 
a useful and current source of in- 
formation on vacuum technology. It 
contains over 40 papers and a glos- 
sary of terms used in vacuum tech- 
nology. Various subjects covered in 
the book include: 1) fundamental 
developments in vacuum technology; 
2) methods and techniques for ob- 
taining high vacuum; 3) instrumen- 
tation, controls and other vacuum 
devices; 4) vacuum distillation; 5) 
metallurgical and chemical applica- 
tions; and 6) technical subjects of 
current interest. 


High Strength High Temperature 
Materials for Standard Parts 
Symposium. National Standards 
Assn., Washington, D. C., 1957. 
Paper, 8% by 11 in., 400 pp. Price 
$7.50 

Concerned primarily with hig) 
strength high temperature materia!s 
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kacts to consider when you’re buying 


Chromate Conversion Coatings 








for Corrosion Protection, Paint Base, Decorative Finishing 








® 
WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of a 
nonporous nature on the surface of the metal. This film is an integral part of the metal 
itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or specially 
trained personnel are required. 








If your company is manufacturing or 
buying parts or complete assemblies 
made from or plated with any of the 
more common non-ferrous metals— 
zinc, cadmium, aluminum, magnesium, 
silver, copper, brass or bronze—you’ve 
probably already run up against the 
question of finishing these surfaces with 
a chromate conversion coating. These 
coatings are used to protect against 
corrosion, or to provide a base for paint 
or to provide a decorative finish for 
sales appeal or shelf life. Since chromate 
conversion coatings represent a rela- 
tively new means of obtaining these 
finishes, this digest of facts to consider 
may be of value to you. 


1. THE COATINGS THEMSELVES. 
There are many brands on the market. 
All are similar in many ways. Each, of 
course, offers its own specific advantages 
and these may relate to operating 
techniques, performance under actual 
use conditions, cost, availability, etc. 
Naturally, you’ll want to choose a 
coating that is widely known and 
accepted under both military and 
civilian specifications. 


2. THE COMPANY BEHIND THE 
PRODUCT. Is it a reliable, established 
organization? Does it offer experienced 
technical service, both from the field- 
engineering organization as well as the 
home office and laboratories? The man 
who sells and services your installation 
should be thoroughly familiar with not 
only chromate conversion coatings and 
their applications, but also with the 
characteristics and performance of re- 
lated finishing operations such as pre- 
cleaning, electroplating, painting, etc. 
This is most important since all steps of 
the finishing cycle must be functioning 
properly for the satisfactory perform- 
ance of the ultimate finish produced. 


3. AVAILABILITY OF THE PRODUCT. 
Ideally, of course, the material should 





be readily available to you from nearby 
warehouses to avoid time loss in long 


distance shipping and to _ provide 
emergency service, should the need 
arise. 


4. COST. Naturally, the initial price 
of the material is important to you. 
However, just as you consider ultimate 
cost when you are buying mechanical 
equipment, ultimate cost must be con- 
sidered for these finishing chemicals. 
So, it will pay you to investigate con- 
sumption costs, labor costs and the 
other factors which go into the deter- 
mination of ultimate cost. Further, 
cost alone gives no indication of product 
performance, so careful attention must 
be given to the purpose the finish must 
serve and the value that finish will add 
to your product. 


5. FACILITIES FOR RESEARCH AND 
DEVELOPMENT. Perhaps the existing 
types of chromate conversion coatings 
do not include a compound that will 
accomplish exactly what you wish. 
Then, it is important to deal with a 
supplier who has adequate research 
and development facilities available to 
work with you to produce a material to 
meet your needs. Naturally, such a 
project is seldom completed overnight. 
But, with complete cooperation and 
confidence from both you and your 
supplier, chances are a_ satisfactory 
program can be completed. 


These are the concepts of sales and 
service on which we, Allied Research 














Products, Incorporated, have developed 
and marketed the line of Iridite chro- 
mate conversion coatings... superior 
product performance, complete sales 
and technical service, easy product 
availability, economical cost, extensive 
research and development facilities. 
No doubt you are familiar with our 
line and have seen this trademark— 


qGarnD 





—in our advertising, technical litera- 
ture or on shipping containers in your 
plant. Remember this trademark when 
you’re buying or investigating chro- 
mate conversion coatings for your 
company. It’s your assurance of quality, 
economical products from a reliable 


and established company, skilled sales 
and technical service from both our 
home office and a national network of 
representatives, immediate availability 
from warehouses in strategic industrial 
areas and our willingness to work with 
you to develop new finishes to meet 


your needs, should the present line fall 
short. 


For complete information on Iridite 
chromate conversion coatings, write 
today for your free copy of our technical 
data file. Or, for immediate advice, call 
in your Allied Field Engineer. He’s 
listed under “‘Plating Supplies” in your 
classified telephone book. 


Allied Research Products, Inc. 


4004-06 
BALTIMORE 5, MARYLAND 


EAST MONUMENT STREET 


Manufacturers of IRIDITE®, IRILAC'’'’', ARP® Brighteners and 


Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 


For more information, turn to Reader Service card, circle No. 527 
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YoU CAN 
SAVE TIME, 
TROUBLE 


AND cCosTs} 
with 


lZeyauatqveol 


Tubes... 


* Save Time 


We have a huge stock of dies 
and, when needed, tooling’s 
fast. We also avoid delays 
by making our own electric- 
ally welded steel tubing, sizes 
from 54” to 3” OD. 


* Save Trouble 


Long, active experience with 
all tube forming processes 
and high standards of quality 
control make sure your orders 
will be completed right. 


* Save Costs 


It’s routine for formed tubes 
parts to deliver top perform- 
ance, save weight, cut costs. 
Steel, copper, brass, aluminum 
or stainless tubing fabricated 
in 3%” OD to 6” OD sizes; from 
20 to 11 ga. metal. 


Formed Tubes, Inc. 
505 Prairie, Sturgis, Michigan 


Write for FREE Booklet 


Fer more information, circle No. 425 
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for standard aircraft parts, the vari- 
ous papers given in this book dis- 
cuss: 1) nickel-base alloys for aero- 
nautical applications, 2) titanium 
alloys, 3) martensitic high strength 
high temperature steels, 4) precipi- 
tation hardening steels, 5) specialty 
superalloys, 6) properties, fabrica- 
tion and surface protection of mar- 
tensitic 5% chromium steel, 7) fric- 
tionless bearings and lubricants, 8) 
structural and mechanical joints in 
piloted and pilotless aircraft, and 
9) high strength high temperature 
fasteners. Each paper is well illus- 
trated with charts and graphs, and 
contains a bibliography. 


Reports 





Strength of welds EVALUATION OF 
WELDED JOINTS BETWEEN AISI 347 
STAINLESS STEEL AND 70-30 COPPER- 


NICKEL ALLOY TUBES UNDER THI 
MAL SHOCK-SPECIMEN No. 3. W. 
Clautice and R. W. Stevens, U. 
Naval Engineering Experiment St 
tion. May ’55. 49 pp. Available fre 
Office of Technical Services, Dept, 
Commerce, Wash. 25, D. C. Pri 
$1.25 (PB 121877 


Weather resistant coatings F1,. 
TEEN YEAR EXPOSURE TEST OF Po 
CELAIN ENAMELS. Dwight G. Moo 
and William N. Harrison, Nation 
Bureau of Standards. Oct ’57. 13 pp. 
Available from Superintendent of 
Documents, Government Printing O 
fice, Wash. 25, D. C. Price 15¢ (Re- 
port No. 148) 

Describes results of a 15-year ex- 
posure test in which porcelain en- 
amel samples were exposed to four 
climatic conditions representative of 
different parts of the eastern United 
States. Enamels affected least were 
those having high resistance to acid 
attack. 


Soldering aluminum SOLDERING 
ALUMINUM. 1957. 36 pp. Available 
from Aluminium Development Assn.., 
83 Grosvenor St., London, W.1, Eng- 
land. Price 28¢ (Bulletin No. 23) 
This bulletin has been issued to 
help designers, metallurgists and 
production men understand the basic 
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GRC die casting helps Lionel 
achieve tiny part authenticity 


This intricate toy crank was die cast in zinc alloy by GRC in a 
single automatic operation. Cost? Little more than $5.00 per 
thousand in lots of 500,000. Result? Produced quicker and more 
Less than half an 
inch overall, it is typical of the many small (maximum is 1y,” 

Ya 0z., nO minimum) parts problems solved by GRC's 
| unique techniques. Gries’ specialized machines de- 


economically than Lionel could themselves. 





| liver parts ready for use—uniform, accurate, clean 
| —no trimming, no assembly, no scrap loss. 


| if you have a small parts problem, world’s Foremost 
write, wire or phone for GRC's die cast- Producer of rh 
ing bulletin or send prints for quotation. Small Die Castings 


153 Beechwood Ave., New Rochelle, N. Y., NEw Rochelle 3-8600 


For more information, turn to Reader Service card, circle No. 513 
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Exceptionally uniform coating on 
this MICO Teflon coated glass 
cloth is free from picks or bumps, 
is extremely tough and resistant 
to abrasion and cut-through. 


FOR OPERATION AT 250°C INSULATE ELECTRICAL 


EQUIPMENT WITH MICO TEFLON’ COATED GLASS CLOTH 


Heat resistance is just one of the outstanding char- 
acteristics of MICO’s Teflon coated glass insulation. 
The exceptionally uniform coating permits close 
thickness tolerances. It also has... 
® High dielectric strength, which minimizes 
dielectric failures even at temperatures up 
to 250°C. 


Extreme chemical resistance. It is unaf- 
fected by solvents, moisture and chemicals 
commonly encountered in electrical equip- 
ment. 


High flexibility, extreme toughness and 
abrasion resistance. 


APPLICATIONS INCLUDE: tapes and wrappers 
for motor or generator coils, leads or cables, Slot 


MICA 


INSULATOR (ie ccd me the technica 
wee Please send me the technical data on 
Division of Minnesota Mining & Manufacturing Company I am interested in the mechanical use 


SCHENECTADY 1, NEW YORK Have your representative call. 


liners for motors and generators, Gaskets, washers, 
seals and diaphragms for mechanical applications. 


ELECTRICAL PROPERTIES 


Power Factor 
60 cycles to 
1 megacycle 


Finished Thickness, Dielectric Strength, 
in. V/M, (S.T.) 





0.003 750 0.0006 
0.004 800 0.0006 
0.006 900 0.0006 


WRITE FOR COMPLETE DATA on MICO’s new 
Teflon coated glass fabrics. See how they can help 
you design more efficient electrical equipment, longer 
lasting fabricated parts. 


Mica Insulator 
Division of Minnesota Mining & 
Manufacturing Co. 


your glass fabrics. 


of this material for. 





Name Position............. a 





MICANITE® AND ISOMICA® PRODUCTS _ LAMICOID@ LAMINATES & 


lecemssment 








FABRICATED PARTS SILICONE & TEFLON COATED CLOTHS & TAPES 


Company 
Street 








*T. M. E. |. DuPont de Nemours & Co. 








bo aenemnenemenananenananananel 


For more information, turn to Reader Service card, circle No. 492 


MAY, 1958 217 































































TECHNICAL 
LITERATURE 


principles of aluminum solderi 
Included are chapters on oxide fj 
removal; types and forms of solder 
























soldering methods and equipmen _ 
soldering aluminum to other meta] i 
and mechanical and electrical pro 
| erties of soldered aluminum. 
Bonding of metals BIBLIOGRAPHY 49 
ON ADHESIVE BONDING OF METAIS, Lor 
| Available from Engineering Societies ; 
Library, 29 W. 39th St., New York 
18. Price $2 (No. 12) 
s A selected list of over 150 anno- rr 
tated references to books and maga- os 
( me d ( Pani zine articles published from 1947 to Mo 
1957, covering all aspects of adhe- aa 
sive metal-to-metal bonding and in- Ag 
cluding references to theory, tech- Ma 
nology, properties and methods of a 
application. Ag 
Ma 
Coatings for molybdenum Oxi- Me 
DATION RESISTANT COATINGS FOR Ag 
MOLYBDENUM: Part 3. D. V. Doane, yp 
Climax Molybdenum Co. Apr ’57. ys 
e 104 pp. Available from Office of Ag 
ad Alkalies Technical Services, Dept. of Com- Me 
. merce, Wash. 25, D. C. Price $2.75 Ae 
2 Emulsions (PB 131368) - 
Evaluates ductility, oxidation and ! 
oe Phosphate heat resistance, ballistic impact Pe 
a strength and erosion of unalloyed Ag 
Coatings molybdenum and 0.5% _ titanium 
ry coated w alu- 
From DETREX’s full line of alkali and tem aaa « Pageml asa 
emulsion cleaners you choose the one metal coating, nickel-chromium-boron "7 
that has the precise qualities your sprayed metal coating, nickel clad- Ag 
operation demands. Whether you need ding, electroplated chromium and y 
solvency, stability, safety, corrosion electroplated chromium-nickel com- No 
resistance or straight cleaning for any posite. Ag 
metal cleaning operation, a DETREX ro 
chemical will supply it. Titanium sandwich _ structures Ag 
: S TITANIUM No 
proofing, paint-bonding, cold-extrusion G. E. Faulkner and P. J. Rieppel, 
and many other finishing processes are Battelle Memorial Institute. Aug ’57. 
increasing quality and cutting costs for 39 pp. Available from Office of Tech- 
thousands of such operations. nical Services, Dept. of Commerce, 
DETREX’s full complement of materials Wash. 25, D.C. Price $1 (PB 121688) 
and machines devoted exclusively to Survey of published literature and 
; " Government research reports on 
metal cleaning and processing also stainless steel and titanium sand- 
includes Perm-A-Clor (NA) premium wich structures. Information on 
degreasing solvent, industrial washers, companies fabricating and develop- 
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dug up a copy of the outline on problem solving 
I prepared for readers of this column about a 
year ago. It lists what are generally considered 
to be the elements involved in thinking and prob- 
lem solving. They are: 

1. Recognizing and defining the problem. 

2. Gathering facts pertinent to the problem. 
3. Formulating tentative solutions. 
4 
5 


. Evaluating the tentative solutions. 
. Drawing conclusions or deciding on the 
solution. 

Actually, brainstorming applies to only one 
step in this problem solving process, and that is 
step No. 3, in which tentative solutions, ideas, 
and hypotheses are generated. I think when it is 
understood that brainstorming can serve only as 
an idea-producing technique and that systematic 
reasoning is still required for the other steps, 
much of the heat in the present arguments will 
be dissipated. 


Plastics Autos to Match 


What will the French think of next? The 
sports car (de Pontac) you see in the photo at 
the end of this column has a plastics body with a 
flowered fabric molded in to match the lady’s 
dress. Apparently the maker of this car is try- 
ing to outdo his American competitors by per- 
suading his customers to change cars every time 
the wife or girl friend changes her dress. 


Up in the Air with a Thermocouple 


It is no secret that jet engine builders have 
been working at the limits of our toughest engi- 
neering materials. Just how close to the limits 
we did not fully realize, however, until a friend 
directed our attention to the “overtemperature 
limit” chart for GE’s J-47 engine. When the 
temperature of the J-47’s exhaust gas is 1330 F, 
the turbine wheel has “infinite” life; if the tem- 
by H. R. Clauser, Editor perature climbs 50 deg to 1380 F, the wheel and 
the engine will fail in 24%, min. You can see why 
a jet pilot likes to have a good, dependable 
thermocouple in the exhaust stream and an 
aggressive warning signal on his control panel. 











Brainstorming Kicks Up a Storm 


For several years now, brainstorming has 
enjoyed a “good press.” Nothing but praise was 
heard for this organized, group approach to 
so-called creative thinking. Partly as a result of 
the publicity its use was extended far beyond 
what it was originally intended for, and many 
jumped to the conclusion that it could replace 
systematic and logical reasoning. 

Now reaction against brainstorming has set in. 
The anti-brainstormers (using systematic reason- 
ing, of course) claim to have found that brain- 
| storming actually hinders rather than aids prob- 
| lem solving. Before the argument is settled, if 
it is ever settled, I’m afraid that there will be a 











lot of unclear thinking about thinking on both 
sides of the dispute. 
To clarify my own thinking on thinking, I Revue Generale Du Caoutchouc 
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